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Although every effort is made to ensure the 
authenticity of the information published in 
this catalogue, we reserve the right to supply 
instruments embodying small specification 
changes without prior notice. It is our policy, 
however, to inform customers of significant 
changes whenever possible. For all purposes the 
performance specification included in the 
manual supplied with the instrument may bee 
regarded as completely valid. 
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M .I. 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 w ith the most up to date design. eng ineering and 
manufacturin·g techniques. has gained for Marconi Instruments a place at the fore
front of progress in electronic measuring instrumentation. 
M l has become the principal European organisation in its field and an 
acknowledged world leader. not only by producing soundly engineered. well-specified 
and skilful ly 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 critica l appli cations. 
This commitment starts at the outset of every new instrument design project with an 
exacting study of evolving user requirements and the technological developments 
wh ich may be exploited in satisfying them. It continues for many years after any 
design has become a commercially avai lable 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 gu iding customers' own 
service eng ineers on routine maintenance. 

The insistence at MI 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 bu ilt the Company into a multi-mi ll ion pound 
organisation w ith a reputation wh ich is relied upon by discriminating users in over 100 
countries throughout the world. 
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Summary of the M .I. 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 careful ly balanced with the need for 

unvarying reliability. 
O A 50-nation network of trained Sales Eng ineers able to give immediate advice 
on measurement problems and to make avai lable to users the entire range of M I 

customer services. 
O A meaningful guarantee. backed by effective after-sales service arrangements 
formu lated to minimise turn-round times on repairs and spares supply, and to provide 
a comprehensive range of faci lities to meet widely varying needs. 
O A total service for calibration covering both special and general-purpose 
requirements, whether for calibration to ful l B.C.S. certification. to E. l.D. release 
conditions. to original sales specifications or others supported by a Measurement 
Standards Laboratory providing traceability to international ly 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 techn iques. 
O 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 difficu lt measurement problems. 

Profile of Marconi Instruments 

For the first time all the electronic measurement activities of M arconi Instruments 
have been brought together into one catalogue. The equipment it describes clearly 
demonstrates the strength of the M I 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 MI has greatly expanded and diversified its activities. 
Jn the last three years alone this has led to the introduction of the most advanced 
and economical fully automatic test system of its type ava ilable-"Autotest". It 
has also led to the establishment of Ml-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, Ml has maintained the development and introdu ction of 
progressively more advanced general-purpose measuring instruments such as signal 
generators. power meters, voltmeters. impedance bridges. response analysers and 
counters. 

The Ml 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 I export distributors. 
together with the Company's own overseas orga nisations. accounts for half the total 
annual turnover. 
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To produce the advanced electronic instrumentation requ ired 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 fac ilities 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 rel iability. 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 environmenta l 
testing of all new designs and adherence to special test and inspection methods and 
procedures at various stages of production. 

A tape controlled J: 
automatic drilling 

machine. 

Our manufacwring system 
is among tl1e most 

advanced in Europe. 
uulising fully programmable 

machinery and test 
equipmen1. together wirh 
auromaric aids ro manual 
rouunes where these are 

more suitable. 

vi 



The Thin Film Laboratory. 

Advanced techniques 
frequently call for 
special processes. 

requiring plant that would 
be ou1side the scope of a 

smaller esrablishment. For 
example, rhc "thin -film .. 

load resistors and 
thermocouples in our new 
range of r.I. power meters 

are produced by high
vacuum evaporation in 
ultra-cloan conditions 

The Environmental Test 
Laboratory. 

An instrument undergoing 
vibration testing. 

Considerable engineering 
effort is devoted to 

special test methods co 
ensure chat our products 

maintain thelf performance 
in all reasonable 

environments. These 
methods include shock 

and vibration testing, 
checks on the results of 

various kinds of 
m1sl1andling, measurements 

under conditions of 
overload. and subjection 

of equipment to simulated 
climatic exrremes. 
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Selecting the Instrument for t he Job 

The selection of measuring instrumentation for even comparatively straightforward 
applications is a difficult operation requiring detailed appraisals of instrument speci
fi9ations 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 c losest possible match between the measurement problem and the measuring 
instrumentation, MI provides services to assist at every stage of this process of 
selection and decision . 

Product Literature 

This is the starting point. The technical data sheets on individual MI products are 
written to inform: descriptions are designed to be concise. comprehensive and 
helpful. and the specificati ons 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 MI 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. Thei.r primary responsibility is to ensure complete customer 
satisfaction and to make avai lable the benefit of the ra nge 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 sa!es engineers at th e local 
sa les office. No user is further away from prompt assistance than his telephone ! 

The many M I distributors overseas are in regu lar and frequent contact with the 
headquarters operation in the U.K. and w ill immediately obtain assistance on users' 
measurement problems w hich cannot be answ ered locally. 

Modifications and Technical Services 

The Ml team of applications eng ineers has available ful l laboratory fac ilities able to 
investigate specific measurement problems raised by customers and undertake the 
modification of standard instruments when req uirements 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 D emonstrations 

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. 

M I provides many opportunities for this. A demonstration of any M l equipment 
on your premises may always be requested of course. and, in addition, Ml partic ipates 
in a large number of internati onal. national and local exhibitions where a w ide range 
of instruments· is featured. A lso, the MI mobile demonstration unit is visited each year 
by some 7.000.instrument users. to see a comprehensive selection of Ml equipment 
in working demonstrations. and assess their performance under operational conditions. 
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The mobile 
demonstration unit. 

Equipped wich a 
represencacive se!eccion 

of insuumencs from 
our range and scaffed 
by trained engineers, 

this unit visits most of 
che major industrial 

districts of Europe and 
1he U.K. abou1 once 

a year. Your local 
M./. dis1ributor or 

representative will 
advise you when the 

demonstration unit 
will be in your area. 

Inside the demonstration 
unit. 

Measuring inscrumems 
are rack-moumed for 

convenience of 
operation and 

demonslracion, and 
space is provided for 

suicable test pieces. 
Pacchboard inter

connec1ing sys1ems are 
included so 1hat test 

rigs can be assembled 
without physically 

mov1i1g ins1rumencs. 
The unit normally 
utilises the mains 

a.c. supply, but 
carries ics own a.c. 

generators for use in 
difficulc sicuacions. 
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M .I. After-Sales Services 

While it is essential to select the right instrumentation for the measurement task. 
it is no less critical to ensure the avai lability of efficient maintenance arrangements 
to keep it w orking satisfactorily th roughout its useful life. Today. cost ly development. 
manufacturing and maintenance programmes depend inevitably and increasingly 
on the ready avai lability 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 recogni ti on of users· pressing needs for effective after sales seN ice. M l has 
completely reshaped its faci lities and policies for instrument maintenance. 
Proprietary instrument servicing and Government servicing requirements are now 
handled by one common organ isation. fully equipped to handle the widely 
varying servicing needs of different users. 

At MI. servicing is operated as a separate Division of the Company. w ith direct 
responsibility for ensuring customer satisfaction in all matters concerned with 
repair and calibration. In addition to strictly controlled turn-round targets. the 
comprehensive Ml Maintenance Policy provides contract service arrangements which 
enable users to budget in advance for all their seNicing requirements. with a single 
annual payment. This Policy also governs the provision of a full inventory of 
components. active elem~nts and mechanical parts in phase with the production of 
each new inst rument so that the majority of spares orders dealt with by M I are 
f il led w ithin 24 hours of receipt . 

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

Th rough their local M l distributor. and in turn the M l Service Division in the U.K .. 
users of MI equipment have access to tru ly comprehensive maintenance faci lities 
providing efficient turn-round for repair and spares supply: contract servicing 
arrangements tailored to varying needs: calibration repa ir and spares supply to full 
E.O.D. approval: and calibration services supported by a M easurement Standards 
Laboratory w hich ranks amongst the best in the Industry. 

Calibration Services 

The broad range of calibrat ion services available through Ml SeNice Division include 
calibration.with traceability to internationally recognised standards under the British 
Calibration Service. supported by B.C.S. certificates; to E.O.D. release standards : or. 
w here national standards are not avai lable. 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. A lbans is fully envi ronmentally 
cont rolled. and contains reference standards of voltage. power. impedance and t ime 
w hich are traceable to national standards. A similar laboratory at the M.I. Sanders 
Division. Stevenage. undertakes calibration at frequencies above 1 GHz. The Ml 
Measurement Standards Laboratory was one of the f irst to receive approval within 
the British Ca libration Service and offers the w idest range of approved parameters in 
its field of any laboratory in Britain . Fu ll detai ls of the M l cali bration seNices are 
given in the publ ication "Ml Calibrati on Services". 
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Service Division; 
Calibration and Test 

Dept., Luton. 

Maintenance and 
repair of the product 

is one of the mos1 
important services 

1hat any manufacturer 
offers his customers. 

Our after sales service 
really meets 1/Je needs 

of the industry. 

The Measurement 
Standards Laboratory. 

The accuracy of any 
measuring ins1rument is 
dependent on the accuracy 
of 1he standards agains1 
which it is calibraced, so 
that rile operation of an 
efficient standards laboracory 
is a vital element. The 
St Albans Measurement 
Standards Laboratory is 
fully environmentally 
controlled and opera1es 
under clean conditions. the 
air being filrered down w 
700 microns. 11 <:ontains 
reference standards of 
voltage. power. impedance. 
and time which are craceable 
10 National Standards. We 
have a similar s1andards 
laboratory at Stevenage for 
calibration work a1 
frequencies above 7 GHz 
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M .I. Custo m e r Publicatio n s 

The Ml policy of provid ing 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 Ml recognises a responsibi lity 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 "Ml Contact"; applications and 
servicing notes dealing with specific topics on the maintenance or use of MI 
equipment; and also detai led reviews of specialised areas such as television 
transmission measurements. automatic testing. etc. The principal M l customer 
publi cations are summarised below. If you are not already regularly receiving our 
house journals and bulletins. or requ ire fur ther 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 eng ineers for engineers. it is high ly 
authori tative and is recognised th roughout the industry as a lead ing techn ica l 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 Inside 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 otters 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 
modu les". Panel sizes are multiples of the unit panel dimensions as shown. the fu ll 
module being six unit w idths. 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 conven iently into a standard 
19 -inch relay rack; and rack-mounting versions of all modular instruments except 
oscilloscopes are avail able. 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 sing ly. 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" ----------4~ 

43·5 cm USEFUL PANEL WIDTH 17'/1" -------~ 

7·25 cm 
2"/.,. 

14·5 cm 
~--- S"f,,- - - - "'-i 

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, fol lowed 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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Programmable 
Fully
Automatic 
Test 
Systems 

As electronic equipment 
becomes progressively more 
complex. routine test and 
cal ibration 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 instrumentati·on that can 
(a) be operated by comparatively 

... - ·····-··------.-:-
~-
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unski lled 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.I. 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. 
but it is normally less than half the price. Furthermore. programs can be written simply and 
quickly by any competent test engineer. without need for special tra ining. 

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 basica lly 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. genera lly 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 or!;Jer 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 
usual ly rack mounted together with the instrumentation. 

*International £.I.A. 8 hole code is used. A typist can prepare tapes after only brief instruction. 
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(iv) The Controller. whict1 receives its instructions from punched paper tape, converts 
them into digita l command signa ls suitable for operating the programmable equipment. 
and routes the commands to the appropriate instruments and peripherals. 

The Controller performs, in effect. the same function f,or Auroresr as the human 
operator performs in a manual system. For each test in a sequence it connects the 
instruments into a test rig, sets the instrument "controls", and then makes the measurement 
by deliveri ng to the peripheral e.!:l-uipment the appropriate command signals to 
initiate the selected form of test-resu lt 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 compat ible 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 Aurotest systems on a time division multiplex basis or. 
alternatively, one very large capacity Autotest system. 

DATA OUTPUT 
The resu lts 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 
w ithout 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 
resu lts 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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The "Aurocesc" response measuring 
syscem incorporating Siemens 
programmable inscrumenration 
in use ar the St. Albans factory of 
Marconi lnstrumen.cs to check out 
filters from the large scale produccion 
of White Noise Test Sets. 
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SUPERVISORY REQUIREMENTS 
Operator intervention is req uired 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 Comroller 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 w ith Autotest as with 
manua lly 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 il lustration) ; or. 
where differing devices arrive in random order. the system can be programmed to 
recogn ise the test piece and select the appropriate sequence automatical ly. 

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

Autotest accepts a w ide range of programmable instruments to suit each ind ividual 
user's requ irements. Those who already have programmable instruments ava ilable 
may purchase the Autotes t control unit and necessary peripheral equipment to 
complete their own systems. Alternatively M.I. will supply an Autotest system 
incorporating any appropriate selection from the range of programmable instruments 
offered by other manufactu rers as well as those of M .I. manufacture. Code converter 
units are available for use with programmable equipment that is not directly compa tible. 

One of several "Autotesr'' L.F. 
measurement systems installed to 
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 del iver a standard 
modulated signal of accurately known characteristics. and 
are primari ly 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 helpfu l. 

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 wh ich form is used providing the voltage 
statement is qua li fied by the appropriate initials: e.g .. 
100 µVe.m.f. or 50 µV p.d. 

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

Marcon i Instruments signa l 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 
desi red. 

SOURCE IMPEDANCE 
Marconi Instruments signal generators. used with 

standard accessories. offer the choice of 50D or 75D 
source impedance. with a 3000 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 ·5 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. 

Ao 

COAXIAL CONNECTOR 

Z.=Ro 

SIGNAL GENERATOR 

2 

Ro 

COAXIAL CONN ECTC..R 

Zo=Ro+R, Rovi=Ro+R, 

SIGNAL GENERATOR 

Increasing Effective Source Impedance This can be 
achieved by the add ition of a single resistor. Rs. whose 
value is given by Rs= Rou1 - Ro. where Rout is the 
required source impedance and Ro is the source imped
ance of the signal generator. The additional resistor can 
be fi tted 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. 

Ao A, 

R..,= R,,R. R, 
R.+Ro 

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 P.ou1=Rp.Ro/ 
(Rp+Ro) . 

Unfortunately the output e.m.f.. Eout. 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, 

1 

Rp= ~ and Rs= Rp Ro 
N- 1 Rp +Ro 

Ao.,= R,(R, +R.) +R, 
2Ro 
A, 

• Eo1..1= 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 
demand ing correct termination at the receiving end; e.g., 
susceptibility to the· effects of r.f. radiat ion fields. If the 
additional attenuation can be tolerated. such requirements 

·'-
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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 w here the ultimate load impedance is 
normally high compared w ith Rout there is some advantage 
in using a pad wh ich terminates the cable correctly when 
the pad is un loaded. In th is type of pad Ro, R,, and R3 form 
a simple potential divider, so that 

R3= 2Ro/N 
R2=Ro- R3 

R2 = Rout - [ R3 (R, + Ro)/2Ro] 

The more usual requ irement however, is for an 
impedance-conversion attenuator of the form shown 
below , w here R;n=Ro when R, = Rou1. 

Ro R, R, 

c£~· R, ·]'· 
T NETWORK 

R, 

~· R, Rs ~ 
"NETWORK 

These are the conventional T and n networks. Standard 
formulae for the calcu lation of their resistor values are 
usual ly 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 

T Networks 

n Networks 

N=E;n/Eout and F=R;n/Rout 

2N 
R3= R;n. --

N2 - F 

[ 
N

2 

+ F J R2= Rout . N2 - F - R3 

[ 
N

2 

+ F J R1 = R;n . N2 _ F - R3 

2N 

Rout N2 - F 

Rs [ 
1 N

2 + F J 
Rout N2- F R6 

[ 
1 N

2 + F J __ 1_ 
Rou1 . N2 - F R6 
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SOURCE IMPEDANCE ACCURACY 

It has already been stated that. for quantitative measure
ments w ith a signal generator, it is essential that the 
output e.m.f . and the source impedance should be 
'accurately known. The fu ll significance of the need for 
accurate matching of the source impedance to the 
ch aracteri stic 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 w ave. 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 send ing end 
regardless of the final termi nating impedance. A complete 
explanation of this effect has been given by Flanagan, 
M arconi 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. w hich is 
identica l to the real source. If the signal generator source 
impedance does not match the cable impedance. however. 
the image source w ill not be an exact facsimile of the rea l 
source. and there w il l be errors in the e.m.f. and source 
impedance of magnitude depending on the .degree of 
mismatch and angu lar leng th of the cable. 

z .. 
d . I 1· 

COAXIAL LINE 

REAL SOURCE + NETWORK 

Zt. Vt. = 

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 
},/4. and is zero for cable lengths equal to even multiples. 

The magnitude of the maximum error is given by 

Eou1 = Eo. Ro/Zsg 
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. the image source 

( 1 ) 

impedance Zout= Ro2/Zs9 . . . . . . . . . . . . . . . (2) 
For cable lengths equal to even multiples of J../4. 

Zout= Zsg. . . . . . . . . . . . . . . . . (3) 
For cable lengths equal to the intermediate 

multiples of /../8. Zout= Ro . . . . . . . . (4) 



V.S.W.R. It is now customary to state a signa l 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.e .. with the signal generator's source impedance as the 
load). 

The v.s.w.r. figure given bears no relationship to the 
standing w ave 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
t ive. the signal generator's source impedance is inevitab ly 
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 
i mp~dance is a relevant factor in assessing the image 
e.m.f. and image source impedance. 

If Zsg = Rs9 + 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/Rs9 = 1 and Xs9 =0. S=Ro/Zsg . 

When Ro/Rs9 = 1 and Xs9 =0, S=Zs9 /Ro . 
When (R~ + X~g) ~= Ro so that Ro/Zso = 1. 

(S2- 1 )/2S = Xs9/Rs9 or tan S . . 

(5) 
(6) 

(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 Zs9 = Ro. 

Taking the worst case-if the connecting cable is equa l 
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 

Eou1=Eo + Eo(S- 1) or Eo- Eo( 1 - 1 /S), 
which. if the v.s.w .r. is close to unity. is very nearly equal 
to Eo ± Eo ( S - 1 ) . 

Th is magnitude of error is, however. never actually 
rea lised. because the v.s.w.r. figure quoted in the specifi 
cation 1s invariably part ly 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 ±Ro (S - 1). 

-

SOURCE IMPEDANCE AT HI GH 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 c ircum
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 signif icantly greater at maximum 
output than at the lower levels. 

The diagram below shows the effective form of al l 
Marconi Instruments signal generator output circu its, 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 iso lation disappears; and the impedance of 
the r.f. source. Zs. becomes a significant part of the source 
impedance of the signal generator. 

4 

VOLT 
METER 

It is obvious that the passive impedance measured at 
the output termin al 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. Severa l 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 th at the signal generator would present. wh ile 
in operati on. to an external source; e.g., a second signa l 
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 applicati on of sweep-generator techniques to 

receiver al ignment 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 OLitpu t attenuator at the correct 

impedance. giv ing an accurately cont rol led amplitude 

down to the order of 1 µV, and full modulation faci lities

a.m. or f.m. 

Apart from television receivers. most receiver band-

R.F. A.F. 
OUT OUT 

oscilfoscope can be connected in parallel with it . Al though 

this makes connection very easy, such meters are usu al ly 

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 modify the displayed characteristic. 

This second cou rse can only be taken if (1) the osci llo

scope timebase operates at very low speeds-say 5 Hz ; 

2 y TB F.M. 
SIGNAL ... RECEIVER - SQUARE- LAW 

~ 
OUT - UNDER TEST - DETECTOR GENERATOR C. R. O. -

'I 
S2 

EXT 
F.M. 

--

~ SWEE P-WIDTH ~ 

~ CONTROL ..... 
Fig. 1 

w idths are within the deviation range of an f.m. signa l 

generator. V.h.f. and u.h.f. signal generators are avai lable 

w hich can be frequency modulated to deviations upwards 

of 100 kHz. For example, a Marconi TF 9958/ 2 Signal 

Generator can be modulated up to 200 kHz deviation 

at the standard broadcast i.f. of 1O·7 MHz. This is 

equivalent to a tota l sweep width of 400 kH z. w hich is 

more than adequate for the 240 kHz bandwidth of an f.m. 

broadcast receiver- one of the widest bandw idths in 

common use. 

Figure 1 shows the method of connect ing a signal 

generator and oscilloscope to a receiver in order to display 

the i.f . or overal l frequency/ response characteristic. The 

diagram shows an external detector in use; th is 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. how ever. it is 

possible to 111ake direct connection to the internal 

detector so that an external one is unnecessary. But if 

thi s is done. care must be taken to be sure that any time 

constants i·n the detector load do not modify the shape 

of the displayed curve. For example. if the receiver is 

fi tted w ith a signal strength meter, the Y input to the 

5 

(2) the externa l modulation circuit of the signa l generator 

w il l accept such low frequencies. and (3} the Y amplifier 

is d.c. coupled. 

It is not usually possible to display frequency markers 

when a signa l generator is used in this way; but fortu

nately, Marconi Instruments f.m. signal generators are 

equipped w ith directly ca librated incremental frequency 

controls so that the w idth of the displayed characteristic 

can be measured by varying the tun ing to bring relevant 

points on the cu rve to a central cu rsor line on the c.r.t . 

graticule. 

F.M. signal generators do not normally operate at 

frequencies below about a meqahertz ; and, until recent ly, 

sw ept-frequency measurements on receivers in the m.f. 

and h.f. bands has been restricted to orthodox sweep

generators. The M arconi Instruments Signal Generator 

TF 2002AS, how ever, has f .m. and frequency sweep 

faci lities at centre frequencies tunable from 100 kHz to 

70 MHz. This instrument can be frequency swept from 

an externa l source w ith d.c. coupl ing 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 

cal ibrator can be rectified and applied to the Y deflection 

or Z modulation terminal of tl~e oscil loscope to provide 

frequency markers. At the comparatively narrow sweep 

w idths used. however. these markers have a very defini te 

double-pulse form w ith the zero point between the two 

pulses corresponding to the 10 kHz interval mark. 

Figure 2 shows the connections. 

At these lower frequencies. receivers are used which 

have very narrow acceptance bands and· crystal control led 

ocal oscillators; e.g .. sing le-sideband and independent

sideband receivers. When making protracted measure

ments on such receivers with a signa l generator the 

problem o'f the generator's frequency stabi lity can be 

quite serious. With a frequency swept s~nal generator 

this problem is greatly eased because. unlike the single

frequency signal which gradually drifts out of tune. the 

swept signal is cont inual ly traversing the acceptance band. 

and the only effect of a smal l 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 actua l frequency/response measurement or circuit 

alignment. 
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F.M. Demodulator Response 

A somewhai 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 appl i

cation of the swept frequency measurement is probably 

for examination of the demodulation characteristic. For 

this particular appl ication 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 rea li stic 

conditions the test voltage applied to it should be the full 

limiter voltage and it shou ld also be derived from the 

correct source impedance. To obtain these conditions. it 

is convenient to use the Lt. 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 possib le, 50 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 easi ly 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 

oscil loscope is obtained by also feed ing the ou tput 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 osci lloscope 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 oscill o

scope is unlikely to affect the operation of the demodu

lator. so no special precautions are necessary from this 

point of view. 

To adjust the demodulator. the signal generator is set 

accurately to the i.f. (or r.f.) centre frequency. and 

sufficient output is applied to operate the limiter of the 

receiver. The familiar "S" shaped demodulator response 

F. M . 
SIGNAL 
GENERATOR 

A . F. EXT R. F. OU T 
OSCILLATOR F.M. 

..... 

" 
r - - - - - - - - - - - -
I FREQUENCY I. F. 

-

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 nomina lly 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 qisplay would 

take the form of a st raight horizontal line. any deviation 

from this form represent ing non-l inearity. 

Figure 4 shows examples of direct and derivative curves 

for linear and non- linear demodu lation. 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 fu ll 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 th is 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 oscill oscope. In the diagram 

the internal timebase generator is used. This is the actu al 

sweep voltage and its amplitude should be such as to 

give a frequency sweep which completely accommodates 

the demodulator characteristic. I ts frequency shou ld be 

below the l.f. response of the receiver's aud io amplifier. 

Superimposed upon this voltage. by means of trans

former T1• is an audio frequency voltage (say 1 kHz) of 

sufficient amplitude to g ive about 1 % of maximum rated 

deviation. 

The Y input terminal of the oscilloscope is connected 

1 kc/s 
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Fig. 4 

via a rectifier to the a. f. output of the receiver. thus 

util ising both the ga in and the l.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-l ineari ty 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 cal ibration 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 

The TF 995B/5 (page 25) is particularly suitable for 
measurement of adjacent-channel-suppression or inter
modulation on fixed and mobile communications receivers. 

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
fering signal is regarded as part of the noise, and the 
suppression is evaluated in terms of degradation of the 
signal-to-noise ratio. 

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 
signal generator B at 1 kHz. their a.m. depths or f.m. 
deviations being equa l-usually 30% a.m. or 30% of 
maximum f.m. deviation. 

With zero output from signa l generator B. generator A 
is tuned to the receiver's centre frequency, and the r.f. 
level is adjusted to produce a signal-to-noise ratio of 
20 dB (10 dB for mobile radio). 

Signal generator B is then tuned to one ch annel spacing 
away from the centre frequency and its output is adjusted 
to produce a signal-to -noise+ 1nterference ratio wh ich is 
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 .fi gure for the receiver. The 
suppression should be at least 70 dB. 

The arrangement shown in the lower diagram is that 
recommended by the U.S. Electronic Industries Associa
tion for intermodulation measurement on f.m. communi
cations receivers. With signal generators B and C 
delivering zero output. signal generator A is tuned to the 
receiver's centre frequency, and its r.f. output adjusted to 
produce 12 dB signal-to-noise ratio. Signal generator B 
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 
the signal -to-noise ratio is reduced to 6 dB. 

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 d B. but 
in some European countries the standard is ra ised to 
60 dB or 70 dB. 
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Signal Generators 

Title and TypeNumber 

AM/FM Signal Generator TF 2002AS 

AM Signal Generator TF 144H series 

FM/ AM Signal Generator TF 9958 series 

AM Signal Generator TF 801 D series 

FM Signal Generator TF 10668 series 

FM Signal Generator TF 200? 

R.F. Attenuators 

Attenuator TF 1073A 

UHF Attenuator TF 21 63S 
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Listed in order of upper frequency limit 

Frequency Range 

10 kHz to 72 M Hz 

10 kH z 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 

Pages 

12- 15 

16-19 

22-25 

20-21 

26-29 

30- 33 

34 

35 



MF/HF AM/FM Signal Generator 

D Frequency range : 10 kHz to 72 MHz 
D High discrimination electrical fine tuning calibrated 

against comprehensive crystal calibrator 
D Amplitude and frequency modulation 
D Internal modulating frequency continuously variable from 

20 Hz to 20 kHz 
D External control of carrier level 
D 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 arra ngements far removed from w hat is regarded as conventional signa l 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 facilit ies that considerably extend its usefulness. 
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CARRIER FREQUENCY 

The full 1 O kHz to 72 M Hz frequency range of the signa l 
generator is covere~ in eight switch-selected bands, each 
band having a max1mum-to-min1mum f requency ratio of 
approximately 3·16 : 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 logari thmic tuning scales-one for each 
band. These are arranged in a continuous zig-zag, with 
scales running altern ately left and right so that the main 
frequency control is rotated clockwise for range A counter 
cl ockwise 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 fu l l cover of each 
band by ten turns of the main frequency control, w hich also 
carries a subsidiary dial with a linear logging scale num
bered O 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 ad1usting 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 w ithin the instrument .: but if desire.d. a 
pair of head telephones may be used via the output Jack 
socket mounted on the front panel. 

It is also possible to switch into circuit a 1 kHz band stop 
fil ter 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 kH z. Below this frequency the discriminat ion of 
the main tuning dia l is such that incremental control is 
hardly necessary. 

The incremental control is directly calibrated in three 
ranges, selected by means of a 6..f Range switch. th~ total 
cover being dependent on the main frequency range 1n 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 proporti~:rnal to t~e 
d.c. level of this voltage, ± 1 volt d.c. producing a shift 
equal to at least the limits shown in the tabl.e. 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 being the display of the frequency response 
characteristic of a tuned amplifier or receiver on a cathode-

TF2002AS 

ray osci lloscope. The sawtooth voltage of the oscillo
scope's time base is applied to the frequency sh ift terminal 
of the TF 2002AS; the r.f. output from the signal generator 
is fed to the receiver or the ampl ifier in the normal way : 
and the output from the unit under test is applied via a 
suitable detector to the Y i nput of the oscil loscope. 

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% modulatio~ . 
On the highest frequency range-32 to 72 MHz- a maxi
mum of 2 volts unmodulated is obtainable but it is neces
sa ry 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 w hich 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 µV are. there.fore 
available. The attenuators are calibrated in both voltage 
and decibels. 

The output impedance of the signal generator is 500, 
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 M onitor The carrier level monitor is 
calibrated in voltage from 0·5 to 1. The instrument is nor
mally used wi th the meter set to 1 volt but. for small c~anges 
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 read ing an'd the attenuator setting. It is a feature 
of the TF 2002AS that the carri er level can be varied over 
the range of the monitor without affecting the modulation 
depth or the carrier frequency. 
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The converse also appl ies; for the signal generator is 
equipped w ith 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 me~ns of an 
electronic counter. But very few counters will operate 
correctly w hen the applied signal carries deep modu
lation; so the TF 2002AS is fitted with a separate "coun~er 
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 M any modem receivers are fitted with 
highly sensitive internal ferrite-rod aer~als. For tests on 
such receivers it is, of course. extremely important that the 
signal generator shall be free from stray leaka_ge 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. 



.TF 2002AS 

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 freque ncy 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., continuous ly 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 limi tations when external 
modulation is used. 

External Levelling When the FUNCTION switch is in 
the LEV ELLI NG position the external a.m. terminal is 
connected directly to the modulation/level control system. 
Th is provides the facil ity for adjusting the carrier level by 
application of an externa l d.c. vo ltage. With the instrument 

CARRIER FREQUENCY 

Range .Eight bands. w ith scales graduated in fre
quency : 
A: 10 kHz to 32 kHz 
B: 32 kH z to 100 kHz 
C: 100 kHz to 320 kHz 
D: 320 kHz to 1.000 kHz 
E: 1 MHz to 3·2 MHz 
F : 3·2 MHz to 10 MHz 
G : 10MHz to32MHz 
H: 32 MHz to 72 MHz 

Scale accuracy Scale position is adjustable against internal 
crystal calibrator. Using the index position 
the accuracy is ::I: 1 %. 

Mechanical tuning 
discrimination 

Stability 

The frequency scales are near-logarithmic. 
A linear logging scale. with effectively 1.000 
divisions. is provided. 

At constan t ambient temperature between 
10° and 35°C, the frequency drift in ihe 15 
minute period commencing 3 hours after 
switch-on is typically less than 30 p.p.m. 
+ 3 Hz and will not exceed 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 arnounts stated 
above. 
Following a 10°C ambient temperature 
change (within the range 10° to 35°C) 
occurring after the above period oi opera
tion. the maximum frequency dri ft rate 
during the next 3 hours is typically 200 
p.p.m. per 15 minutes. 
The frequency variation produced by a 1 0% 
change in supply voltage is less than 20 
p.p.m. + 5 Hz. 
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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 availab le 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 
1 MHz the maximum modulating frequency is reduced to 
4 kHz. 

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-i n crystal 
calibrator as an ultimate reference. 

POWER SUPPLY 
The signal generator is normally intende.d for p'perntion ~ 

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 SOO 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 is400 mA. 

Fine t uning 

Frequency Band 

100- 320 kHz c 
320-1000 kHz D 
1- 3·2 MHz E 
3·2-10 MHz F 
10-32 MHz G 
32-72 MHz H 

External frequency shift 

Crystal calibrator 

' 

Opera tive above 100 kHz only. 
Each carrier frequency band is provided wilh 
three ranges of electrical fine tuning as 
shown below: 

.6. f Range in kH z 
- Fine Cal 

1 2 3 Points 
---

± 0·15 ± 0·5 ::1·5 ± 1·0 kHz 
± 0·5 ± 1·5 ± 5·0 ± 1·0 .. 
± 1·5 ± 5·0 :!:15 ± 10 .. 
± 1·5 ± 5·0 ± 15 ± 10 .. 
± 5·0 ± 15 ± 50 ± 50 .. 
± 5·0 ± 15 ± 50 ± 50 .. 

Incrementa l frequency accuracy: 

1 5% when 1101 standardised. 

.61 
Range 

3 
2 
3 
3 
3 
3 

The accuracy can be improved 10 5% of 
lull scale. on the+ .6,f or - .6 f ranges. by 
use of tile Fine Cal points shown in the 
table above. 

Discrim ination: better than 0·005% of 
carrier frequency. 

Incremental tuning is obtained from external 
d.c. sources. w ith 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 ,1ccuracy: ± 1x10-• overrange 10°C 
to 35°C. 
Additional check points at ± 1 kHz on 
crystal points. Accuracy: ± 1 O Hz. 



R.F OUTPUT 
Level Between 10 kHz and 32 MHz (c.w . or 

modulated up to 100%) O·lµV to 1 volt 
e.m.f. using 6 dB pad or 0·1 µV to 1 volt p.d. 
across a matched load. 
Between 32 MHz and 72 M Hz: as above 
for c.w. : maximum output half the above 
with 100% modulation. Ii working into an 
open circuit without a 6 dB pad. 2 vohs 
e.m.f. is available using up to 30% modu· 
lation up to 32 MHz. or using c.y.1. above 
32 MHz. 

Attenuators Seven position coarse attenuator with 
20 dB steps. Marked - 20 dB to +100 dB 
w ith respect to 1 µV. 
Twenty -one position fine attenuator. w ith 
1 dB steps. Marked 0 dB to+ 20 dB. 
Both marked w ith equivalent voltage at each 
setting. 
External A ttenuator Pad. TM 5573/ 1 pro
vides 6 dB. 

Carrier meter Scale graduaied in voltage. 
Voltage Range: 0·5 volts to 1 volt. w ith 
gradua tionsofO·l volts. 

Total output accuracy (Above lµV with or w ithout 6 dB pad. with 
meter at appropriate reference mark.) 
Below 32MHz: ± 1 dB from 10°C to 35°C. 
Above 32 MHz : ± 2 dB o f which approxi· 
mately :~ 1 dB is caused by temperature 
effects over the range 10°c to 35°C. 
Automatic level control main tains carrier 
level meter se tting constant w ithin 0·5 dB at 
all ca rrier frequencies. 

Impedance Effectively 500 at all level settings. BNC 
connector. 

Counter output 

AMPLITUDE 
MODULATION 

Depth 

Monitor 

Accuracy 
(0 to 80%) 

Internal modulation 
oscillator 

External A.C. modulation 

Sync output 

Envelope distortion 

V.S.W.R.: Better than 1·1 5: 1 for ou tputs 
below 200 mV. with or without 6 dB Attenu· 
atorPad. TM 5573/1. 

Not less than 10 mV into 500. 

Continuously variable up 10 100%. 

Reads equivalen l average modulation. and 
is not dependent on carrier level reference. 

± 5% modulation to 10 kHz and 10% 
modulation to 20 kt-Jz at 23~C subject to 
mod .. rreque,ncy limits at the lower ca rrier 
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 l '5 volts into 
1 kn for 100% mod. depth. 

At fixed level from terminal. giving approxi 
mately 1 volt from 10 kOwith 1 ·5%distortion 
iactor. derived from internal modulation 
oscilla tor. 

Less than 296 d is tortion factor using internal 
oscillator at a modulation frequency of 
400 Hz for modulation depths up to 80% at 
carrier frequencies between 100 kH z and 
32 MHz. 

External levelling Carrier level may be varied by d.c. A 
potential o f - 6·75 volts appears on the 
terminal when switched to this function. 
Input: Approximately ± 6 volts d.c. ( into 
15 kfl) or 12 volts p -p about the - 6·75 
mean. gives lull control of carrier. 

FREQUENCY 
MODULATION . 

Deviation 

Modulation frequency 
range 

Monitor accuracy 

Continuously variable with three ranges to 
maximum peak deviations as show n in the 
cable under electrical fine tuning. 

20 Hz to 4 kHz at ·carrier frequencies 
between 100 kH z and 1 MHz. 
With carriers above 1 MHz the modulation 
frequency range is extended to 20 kHz with 
a fl atness or ~= 2·0 dB. 

15% w ithout standardisation. 
Above 1 MHz. ± 6% 01 lull scale w hen the 
t. f system has been standmdiscd at the 
points shown under electrical fine tuning 
w ith modulation frequencies between 20 Hz 
and 4 kH z. An additional erro1 of ± 3% 
l.s.d. may occur at 1 o• and 35°C. 
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TF2002AS 

Distortion Less than 3% at maximum deviation with 
modulation frequencies from 20 Hz 10 4 kHz. 

Internal oscillator As for amplitude modulation. 

External f.m. 20 Hz to 20 kHz. accuracy of deviation and 
irequency limitations as for internal modu· 
lation. 
Input: Approximately 1 ·5 volts r.m.s. into 
2'5 k!l for maximum deviation given under 
electrical fine tuning. (Deviation adjustable 
at panel.) 

• External frequency shift 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 -± l volt d.c. (onto 100 kO) or 
2 volts p·p about the -6·75 volts moan is 
needed for maximum deviations given on 
table under electrical fine tuning. 

SPURIOUS SIGNALS 

Leakage radiation Allows measurements on sensitive receivers 
wi th ferrite aerials to be made close to the 
signal generator. 

Carrier harmonics Individual harmonics are less than 3% at full 
output. 

Spurious A.M. on C.W. Below - 65 dB relative to 30% mod. depth 
in a 3 dB bandwidth ol 650 Hz at frequ encies 
below 100 kHz. and in 20 kHz above 100 
"kHz. 

Spuri.ous F.M. on C.W. Less than 5 Hz + 1 p.p.m .. using mains 
operation. 

-Spurious F.M. on A.M For 30% a.m. up to 1 kHz mod. frequency. 
Below 32 MHz: Less than 100 Hz + 
10 p.p.m. 

POWER REQUIREMENTS 

A.C. mains 

External D.C. 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 

Supplied 

TM 4969/ 3 

TM 5573/ 1 

Trimming tool 

Hexagonal wrench 

Optional 

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

95 volts to 1 30 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 
1 l in 
28 cm 

Width 
18 in 
47 cm 

Output Lead 

Depth 
14 in 

36 cm 

Weight 
59 lb 
27 kg 

500 coaxial cable 6 feet long li tted w ith 
BNC connectors. 

6 dB Attenuator Pad 
With pad in use. the TF 2002AS is direct 
reading in output e.m.f. 
To lit cores of r.f. trimming inductors. (Fits 
into clips inside the instrument.) 

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

TM 5573 · 20 dB Attenuator Pad. 

TM 4726/152 Output Lead 
An alternative lead fitted with a Bell ing-Lee 
type L778FP small Screencctor at the ou tpu t 
end. 

TM 5569 Matching Pad 
Converts from 500 to 750 impedance. with 
Belling-Lee type L734/P outpu t plug. 

TM6599 

TM 5955/5 

TM 6123 

TM8269 

Matching Pad 
Converts from 500 to 750 impedance. with 
Burndcp t type PR4E output plug. 

Matching Transformer 
Converts from 500 unbalanced to 3000 
balanced. 

Dummy Aerial and D.C. Isolating Unit 
Provides "dummy" aerial output and also 
output via d.c. stopper capacitor su itable for 
d.c. vollages up to 300 volls. 

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



A. M . Signal Generator 

D Frequency range : 10 kHz to 72 MHz 

D Stability : 0·002% 

D High discrimination, plus crystal calibrator 

D Good r.f. waveform at all frequencies 

D Protected thermocouple level monitor 
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TF 144H/4 



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 i t is smal ler and lighter. and w i th 
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 tuning dial. which carries 
a separate scale for each band. The reading discrimination on th is d ial 
is such that a 2% frequency change on any band occupies more than a 
quarter of an inch of scale length. it is also significant that the medium
wave broadcast band coincides w ith 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 d ial 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 
~ccurate interpolation between the direct cal ibration marks on the 
main tuning dial. Excellent discrimination is obtained by the use of this 
dial . four divisions correspond to a frequency change of about 1 %. 

For greater convenience the instrument i3 also fitted with an elec
trically coupled incremental frequency control cahbra1ed 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 stabi lity. The use of fu lly regulated d .c .. 
l.t. and h.t. supplies is an important factor in attaining this stabi lity and 
in the reduction of spurious hum modulation. 

To enable a high order of absolute accuracy to be obtained. the 
signal generator has a buil t- 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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TF 144H Series 

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 w idely ovor the tuning range of the signal 
generator. 

Output Level 

The output level is variable over the range 2 µV to 2 volts by means 
of coarse and fine resistive step a11enuators cahbra ted in voltage and 
decibels. The carrier level control. used in con1unction 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 output range down to 0·2 µV. 

The output impedance is 50!1 with a v.s.w .r. belier than 1 ·25 :1. 
Matching to higher impedance loads merely requires the use of a single 
series resistor. A ma1ch1ng pad for 75!1 output impedance and a com 
posite dummy aerial and d.c. 1sola11ng unit are available as accessories. 

The level of the signal applied 10 1he attenuators is monitored by a 
1hermocouple voltmeter. This gives a high order of absolute accuracy 
regardless o f frequency. But the common disadvantage of the thermo
couple - fragility - has been overcome in this instance by special cir
cuit design. The circui t is so arranged tha t the thermocouple cannot be 
damaged by any form of misuse of the instrument. Automat ic level 
control applied to the r.r. oscil lator con tribu tes to the thermocouple 
pro1ection 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 75!1 is required. the TF l 44H/ 4 incorporates a NORMAL/ 
HIGH switch. giving a choice of 2 vol ts or 2 · 75 volts at the direct out
put socket. 

M odulation 

Ampl itude modulation can be appl ied to the carrier from an internal 
or external source. at depths up to 80% over most of the frequency 
range. It is monitored by means of the thermocouple meter in 
con1unc11on with a calibrated potenuometer. 
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CARRIER FREQUENCY 

Ranges 

Stability 

Fine Tuning 

•C. OS(IU AT(lll l 

Twelve bands : scale marked directly 
rn frequency : 
A 10 to 20 kHz 
B 20 to 40 kHz 
C 40to 80kHz 
D 80 10 200 kHz 
E 200 10 535 kHz 
F 535 10 1.600 kHz 

Scale Accuracy:± 1 %. 

G 1 to 2 MHz 
H 2 to 4 MHz 
I 4 to 8 MHz 
J 8 to16MHz 
K 16 to 32 M Hz 
L 32 10 72 MHZ 

Driit < ± 2 Y. 1 o-S/ ten minutes. 
Range: ± 0·5% ; scaled in percentage 
frequency change. 

Oiscriminarion: 1 division= 0·01 %. 
Accuracy: ± 10%of reading. bands 0 

toJ. 
± 1 5% of reading. bands K 
to L. 

Crystal Calibrator Frequency: 400 kHz. or 2 MHz. accord
ing 10 band. 

OUTPUT 

Voltage Range 

Meter Accuracy 

Attenuator Accuracy 

lmpeda~ce 

MODULATION 

Internal Modulation 
.. Frequencies 

External Modulation 
Frequencies 

Depth 

Carrier 
Frequency 

10 kHz 
100 kHz 

1 MHz 
10 MHz 
72 M Hz 

Accuracy: ± 5 x 10· 5 • 

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

Auenuared: 2 µ.V to 2 Volts. e.m.f. (0·2 µV 
to 200 mV. e.m.f .. using TM 55 73). 

± 0·5 dB. 

±0·7 dB be tween 10kHz and 30 MHz. 
± 1 ·0dB between 30and 72 M Hz. 

50.o type BNC connector. v.s.w.r. better 
than 1 ·25 : 1. 

}

Subject to 
400 Hz and 1 k~lz Jim11at1ons shown 

in table 
. 20 Hz to 20 kHz below 

Oto80% 
Accuracy: ± 5%mod. depth. (r.m.s. mod. ). 

Maximum Modulation Frequency at 
various modulation depths 

0 -30% 50% 80% 

1 kHz 400 Hz 200 Hz 
5 kH z 2 kHz 1 kHz 

20 kH z 14 kHz 8 kH z 
20 kHz 17 kHz 15 kHz 
20 kHz 20 kH z 20 kHz 

SPURIOUS SIGNALS 

Leakage Radiation 

R.F. Harmonics 

A.M . on C.W. 

F.M.on C.W. 

F.M. on A.M . 

Noise on A.M. 

POWER REQUIREMENTS 

DIMENSIONS 

ACCESSORIES 
Supplied 

Optional 

A.C. Mains 

D.C. Supply 

TM 4969/3 

Tr..14726/77 

TM 5573 

TM 4726/152 

TM 5573/1 

TM 5569 

TM6599 

TM 5955/5 

Negligible. 

Less than 2% distortion factor. 

Less than 0 ·1 % modu lation depth 

Deviation < ± 1 x 1 o-• 
Deviation < ± 1 x 10-<or 100 Hz. 
whichever is the greater. at 30% mod. 
depth. on carriers less than 30 MHz. 

Below -50dB relative lo 30% mod. 
depth. 

200 to 250 volts and 100 to 150 volts. 
40 10 100 Hz. 80 watts 
L.T. : 6 volts. 2 amps. H.T.; 240 volts. 
50 mA 

Height 
33cm 
14 !: in 

Width 
48cm 
19 ~ in 

Output Lead. 

Mains Lead. 

Depth 
28 cm 
11 in 

20 dB Attenuator Pad. 

Output Load. 

Weight 
26 kg 
58 lb 

An alterna tive lead fitted with a Belling
Lee type L778FP small Screonector at 
the output end. 

6 dB Attenuator Pad. 

Matching Pad. 
Converts from 50 n 10 75 n impedance. 
w ith Belling-Lee typo L734/P output 
plug. 

Matching Pad. 
Converts from 50 n to 75 o impedance. 
w ith Bumdept type PR4E output plug. 

Matching Transformer. 
Converts from 50 n unbalanced to 
300 o balanced. 

TM 6123 Dummy Aerial and O.C. Isolating Unit. 

18 

Provides "dummy" aerial output and 
also outpu t via d.c. stopper capacitor 
suitable ford.c. voltages up to 300 volts. 

TM 6122 Battery Lead. 
6 ft long; termin ated with accumulator 
clips for l. t.. wander plugs for h.t. 



Rack Mounting Arrangements 

The TF 144H/4 is normally suppl ied 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 correc t size and 1s ready drilled 
for rack mounting. 

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

TF 144H/ 4S 
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TF 144H Series 

Military Versions 

TF 144H/4S and H/ 6S are special mil itary versions of the TF 144 H/ 4. 
Electrically these versions meet the same specification as the standard 
instrument. They are. however. fitted w i th fully sealed meters and 
Plessey Mk IV mains p!ugs. The two mili tary 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. 

Mili tary Type Nos. 

TF 144H/ 4S: Jo int Services Ref. CT 452A 

NATO; 6625-99- 924-8875 

TF 144H/6S: Joint Services Ref. CT 452 Set 
NAT0 :6625- 99- 900- 8337 



A.M. S ignal Generator 

D Frequency range: 10 to 470 MHz 
(485 MHz for military versions) 

D Built-in crystal calibrator 
D Internal and external sine a.m. 
0 External pulse modulation 

Signal generators in the TF 801 D series are general-purpose v.h.f./ 
u.h.f. a.m. instruments w ith provision for pulse modulation. Two 
versions are available: the standard model. TF 801 D/1. and the 
military model. which bears the type number TF 801 0 / 8/ S or 
TF 801 D/9/S depending on the accessories supplied w ith it. The 
instruments are. of course. basically similar. utilising the master
oscil lator/ 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 
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2 :1. The Marconi-patented system of contactless turret switching is 
used in both the osci llator and the amplifier. giving complete freedom 
from the noise and other adverse effects of passing heavy oscil latory 
circulating currents through metal-to-metal contacts. 

The main tuning dial. hand calibrated directly in frequency. has 
approximately 70 inches of scale. The frequency calibration can be 
standard ised against a built- in crystal oscil lator at 5 MHz intervals, 
the dial cursor being movable to facil itate correction when necessary. 
The slow-motion tuning control carries an auxi liary interpolating dial. 
calibrated linearly 0-100 over its whole circumference. This is useful 
for accurate tuning between frequency calibration marks. o r. in 
conjunction w ith 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 testi ng 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 faci litate accurate peaking of 
the amplifier's tuning. Over the whole of the lower four bands. 
however. the automatic level control system obvia tes 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. a'nd in decibels rela tive to 1 µV. 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 readi ng-and also carries a dB 
scale and voltage multiplier scale. 

Modulation 
Facilities are provided for internal and external sinew ave modulation 

Standard Version TF 801 D/ 1 

FREQUENCY 

Range 10 to 4 70 MHz in five bands. 

Tuning control 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 
cal ibration and makes 30 turns over each 
band. 

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

Calibration accuracy Using crystal calibrator; w ithin ±0 · 5% 
over entire frequency range. 

Resettability Better than ± 0 · 1 % aiter initial warm-up. 

Crystal calibrator Provides check poinis 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. 

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

R.F. OUTPUT 

Level 

Voltllge accuracy 

Source impedance 

Stray radiation 

MODULATION 

0· 1 _µV to 1 voh source e.m.f. Attenuator 
dial shows source e.m.f. in voltage units 
and in decibels relative to 1 µV. power in 
decibels relat ive to 1 mW in 500. 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 dS of 
corresponding c.w . output. Automatic level 
control stabilises output during tuning. 

500; v.s.w.r. not greater than 1 · 2. 

Negligible ; permits receiver sensi tivity 
measurements down to 0 · 1 µV. 

Internal sine A.M. Modulation frequency: 1.000 Hz ± 10%. 
Depth monitored and variable up to 90% at 
carr.ier levels of 1 mW and below . 

External sine AM. Modulation frequency range : 30 Hz to 
20 kHz. Modu lation depth as for internal. 
Input reQuirements for 90% modulation: 
1 to 5. volts. depending on frequency. 
across 1 MO. 

Monitor accuracy ± 10% of full scale. 
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and for pulse modulation. The sinew ave 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. w ith a 
diode to prevent the grids being driven posi tive. so that the signal 
ampli tude at peak pulse height is equal to that o f 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 instrum'ent principally in 
their specially rugged construction and sealed meters. The military 
instruments are also fi tted w ith a separate r.f. outlet for use w ith an 
electronic counter frequency meter. 

Envelope distortion Less than 5% at 30% internal modulation : 
less than 10% at 50% modulation. 

Incidental F.M. on AM. 

Residual AM. 

External pulse modulation 

POWER REQUIREMENTS 

A.C. mains 

DIMENSIONS AND 
WEIGHT 

Deviation less than 0 · 001 % of camer 
frequency at 30% a.m. 

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

Recurrence frequency range: 50 Hz to 
50 kHz. M inimum pulse w idth varies 
between 1 µsec at 470 MHz and 10 µsec 
at 10 MHz. Combined rise and ·decay time 
less than 4 µsec from 40 to 260 MHz ; and 
less than 1 µsec from 260 to 4 70 M Hz. 
Carrier suppression at least 20 dB below 
peak pulse output. Input requirements: 
Positive pulses of 50 volts across 1 MO. 

180 to 250. or 100 to 150 volts. 40to t 00 Hz: 
100walls. 

Height 
14t in 
37 cm 

Width 
23~ in 
60 cm 

Depth 
10t in 
27 cm 

Weight 
671b 
31 kg 

Military Versions TF 801 D/ 8/ S and /9/ S 
These instruments differ from the standard version. TF 801 D/l only in the 
following respects : 

FREQUENCY 
Range 10 to 485 MHz in five bands. 

R.F. OUTPUT 

Counter output Minimum voltage across a 500 matched 
load 
bands A to C 50 mV 
band D 75 mV 
band E (up to 470 MHz) 100 mV 

MODULATION 

External sine A.M. Modulation frequency ranve: 30 Hz 10 
50 kHz. 
Modulation depth inpu t requirement as for 
TF 801 D/l . 

External pulse Carrier suppression at least 20 dB below 
peak pulse outpu; from 10 10 470 MHz. 
Other characteris tics as for TF 801 D/1. 

ACCESSORIES 

Supplied 

TF 801 D/8/S Two coaxial free plugs Type N. 

TF 801 D/9/ S Type 9403 Mains Lead. 

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



FM/AM Signal Generators 

D Frequency range: 200 kHz to 220 MHz 

D Built-in crystal calibrator 

D Direct-reading incremental frequency control 

D Output range: 200mV to 0.1 µV 

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

The TF 9958 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.fs. 
There are three standard versions. TF 9958/2 is the 
general purpose model . suitable for measurements on 
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broadcast receivers and medium or wide band communica

t ions receivers. TF 9958/5 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 orig inally derived 
from a single range osc illator which is variable from 4·5 to 
9·16 MHz. Output frequencies above 13·5 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 13· 5 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 cal ibrator. 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. osci llator. For larger changes. and for accurate inter
polation between ca libra.tion 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 kH z 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 995 B/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 2µV to 200 mV e.m.f. 
the source impedance being 75 0. By using the plug-on 
terminating unit supplied with the instrument output levels 
over the range 1 µV to 100 mV e.m.f. may be obtained at 
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source impedances of both 75 0 and 52 0. For low out
puts. down to 0·1 µV. a 20 dB attenuator pad is also 
ava ilable 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. 

Modulation 
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 1 O kHz 
for a.m. and up to 1 5 kH z for general purpose f.m. 

The frequency modulator is of the convemional reactor 
valve type coupled to the tuned c ircu it 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 0 to 75 kHz for the TF 9958/2 and 0 to 5 kHz 
and 0 to 15 kHz for the TF 995 8/5. It is possibl e. how
ever. to switch out of circu it 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 f requency 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 
circui t. 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 
obta inable 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 9958/2 

FREQUENCY 
Range 

Calibration accuracy 

Stabi lity 
(bands 2, 3, 4 and 5 only) 

Incremental control 

OUTPUT 
Voltage 

High outputs 

Low outputs 

Accuracy 

MODULATION 
F.M. 

0·2 to 220 MHz in five bands: 
0 ·2to 13·5 Ml-lz 
13·5 to 27 5 M Hz 
27 to 55 MHz 
54to 11 0MHz 
1 OS to 220 M Hz. 

From 0·2to 13 5 MHz the 
frequency calibration has an 
accuracy of ± 3% when the crysta l 
calibration is used. From 13·5 to 
220 MHz the calibration of the 
main frequency d ial is accurate to 
w ithin 1 %. In addition. the built-in 
crystal cal ibrator provides 14 
check points to an accuracy of 2 
parts in 10'. on each of the four 
higher- frequency bands. 

A fter warm-up the frequency drift 
is not greater than 0·005% in a ten 
minute period. and is typically 
0002%. 

The cover of this control is as 
fo llows: 

± 100 kHz on band 1 above 
300 kHz. 
± 50 kHz on 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 con junction w ith the 
6-dB Terminating Unit- a source 
e.m f. variable in 2-dB steps from 
1 µV to 100 mV. Interpolation 
between the 2-dB steps is by 
means of a :l: 1 dB cal ibration on 
t he r.f. level meter. 

Source e.m f.'s up to 200 mVat an 
impedance of 75 0 are 
obtained direct from the Generator 
output cable. 

Source e.m.f.'s down to a nominal 
0 ·1 µVat impedances of 75 and 
52 Qare obtained by inserting 
20-d B Attenuator Pad TM 5552 
betw een the Generator output 
cable and the Terminating Unit. 

The accuracy of the joint indication 
of the attenuators and level meter 
is w ithin 1 dB ±0·25 µVup to 100 
MHz. and w ithin 2 dB ±0·25 µV 
upto220MHz. 

Normal deviation continuously 
'variable in two ranges ± 25 kHz 
and ::: 75 kHz on all carrier bands. 
Accuracy at maximum deviation 
at 1 kHz is ± 5% of f.s.d. w ith a 
possible additional variation of 
± 10% due to valve ageing or 
random replacement. High 
deviation of X2 normal is also 
avai lable on band 3. X4 normal on 

Spurious f.m. ori c.w. 

A.M. 

Synchronising signal 

POWER 
REQUIREMENTS 

DIMENSIONS 
AND WEIGHT 

ACCESSORIES 

Supplied TM 5551 

Optional TM 5552 
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band 4. and XS normal on band 5. 
Internal modulation at 1 kHz. with 
modulation distortion not exceeding 
2% at maximum deviation. On band 
1 the high deviation facil ity 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 wi thin 1 dB 
50 Hz to 1 5 kHz. wi th respect to 
1 kHz. 
An uncalibrated maximum 
sensirivifV fac il ity is also provided 
for use with external f.m. only. When 
this faci lity is selected. the 
modulation frequency/response 
and frequency/phase characteristics 
are suitable for stereo modulation 
signals. and the sensitivi ty is such 
that an input sig!lal of not more than 
5 volts r.m .s. at 1 kHz w ill produce 
a peak deviation o f 75 kH z. 

Deviation less than ±50 Hz 
between 13·5 and 100 MHz and 
less than ± 100 Hz between 100 
and 220 MHz. • 
• The w ide frequency coverage on 

band 1 (1 ·5to13·5 MHz) is 
achieved by heterodyning the 
normal band 3 signal wi th a 
fi xed oscillator. At some fre 
quencies on band 1. spurious 
f.m. in excess of the figure 
quoted for the other bands may 
occur. At these frequencies the 
deviation accuracy wil l also be 
affected. 

Internal at 1 kHz to a depth 
variable up to 50%. w ith distortion 
not exceeding 6% at 30% depth. 
External modu lation characteristic 
flat to within 1 dB. 50 Hz to 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 avai lable 
at the front panel. 

200 to 250 volts. or 100 to 150 
vol ts after adjusting internal link. 
40 to 65 Hz: 65 waits. Both the 
mains and h. t. circuits are fused. 

Height Width 
13 in 17 t in 
33 cm 44 cm 

Terminating Unit. 

Depth 
St in 
22 cm 

75 0 in. 75 0 and 52 O out. 

20 dB Attenuator Pad. 

Weight 
33 lb 
15 kg 

For use between output cable and 
Terminating Unit. 



TF 9958/5 

O Narrow deviation model for mobile radio testing 

O Stepped and extra fine incremental tuning 

o Less than 25 Hz spurious f.m. 

o Three modulation frequencies 

FREQUENCY 

Speci fication as for the TF 995 9/2 
except for t he fo llowing: 

Stability After warm-up the frequency drift 
is not greater than 0·002% in a ten 
minute period except on the 
lowest band 

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

Incremental tuning Both stepped and continuously 
variable calibrated controls are 
provided. The stepped control 
enables the carrier frequency to be 
shifted by ±40 and ±20 kHz on 
bands 5 and 4, ±20 and ±10 kHz 
on bands 3 and 1. and ± 10 and 

MODULATION 

± 5 kHz on band 2. 
The continuous control has a 
cover o f ± 0· 75 of one increment 
of the stepped control on any 
band : e.g .. the cover is ±15 kHz 
on bands 5 and 4. 

F.M. Normal deviation continuously 
variable from 0 to 1 5 kHz and 
Oto 5 kHz on an bar.ds : accuracy 
and high deviation as forTF 9959/2. 
Internal modulation at 400 Hz. 
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1 kHz. or 1 ·5 kHz: distortion arid 
external modulation characteristic 
asforTF 9959/2. 
On band 1 the high deviation 
facility should be used only with 
carrier frequencies above 230 kH z. 
In the normal deviation condi tion 
care must be taken at carrier 
frequencies below 215 kHz that the 
instantaneous output frequency 
never fa lls below 200 kHz. 
The uncalibrated maximum 
sensitivuy faci lity is not provided 
in the TF 9959/5. 

Spurious f.m. on c.w. The spurious f m due to hum does 
not exceed 25 Hz deviation at any 
carrier frequency. The unusually 
low level of spurious noise 
modulation allows lull use of the 
signal generator for ad1acent 
channel testing on narrow band 
communication receivers. 

A.M. Internal at 400 Hz. 1 kHz. or 1 ·5 
kHz: depth and distortion as lo: 
TF 9958/2. External frequency 
characteristic-with input adjusted 
for constant modulation meter 
reading-is flat within 0·5 clB 
from 100 Hz to 10 kHz. 

A.M. depth indication Accurate to within 5%modulation. 

Synchronising signal Available at 400 Hz. 1 kHz or 
1·5kHz. 



F. M . Signal Generators 

TF 10668/1 

0 Frequency range: 10 to 470 MHz 

0 No multipliers or mixers 

0 Drift <25x10·6/ten minutes 

0 Stepped as well as continuously-variable 
incremental tuning 

0 Internal modulation at 1 and 5 kHz 

IT 10668/1 
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The Marconi F.M. Signal Generator TF 10668/1 covers the range 
1 O to 470 MHz. Direct carrier-frequency generation w ithout multi 
pliers ensures the comple te absence of spurious sub-harmonics in the 
output, and i1s direct-reading incremental tuning system brings ease 
and accuracy to bandwidth measurement. 

Stability and purily of signal are enhanced by the use of a rig id casi 
r.f. box and a transistor-regula1ed d.c. filamen t supply for the r.f. 
oscilla1or. There are preset potentiometers to simplify setting up and 
to enable che user to choose the values o f stepped incremental shift. 

F.M deviation is variable up 10 100 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. cleviation or a.m. depth is directly ind icated. 

The open-circuit ou tpu t voltage is continuously variable from 
0·2 p.V to 200 mV and is clerived via a source impedance of 50 
ohms. The level o f output is contro lled by a piston attenua tor w ith a 
4~- inch dial bearing two scales. one calibrated d irectly in uni ts oi 
vol tage and the other in decibels re lative to 1 pV 

R.F. Oscillator 

The hean of the TF 1066 8/1 Generator is i ts craftsman-built r.f. uni t 
employing the Marconi -patented system of contactless waveband 
selection in a highly developed form. It is this system. supported by 
such measures as fu lly stabil ised Ju and 1. t. supplies. which yields the 
excellent frequency stability figure of 0·0025% over a 10 -minute 
period; this is equivalent to a dri ft of less than 800 Hz per minute at 
300 MHz - a po int of performance that allows the user to take full 
advantage of the incremental tuning faci l ities even w hen making 
protracted measurements. 

FREQUENCY 

Range 

Main Tuning 

Calibration Accuracy 

Fine Tuning 

Frequency Stability 

Attenuator Reaction 

I ncremontal 
Frequency Control 

Incremental Accuracy 

Spurious Signals 

R.F. OUTPUT 

level 

Output Accuracy 

Source Impedance 

Stray Radiation 

10 10 470 M Hz in five bands: 
10to22MHz 11 0to240MHz 
22to48MHz 240to470 M Hz 
48to 110MHz 

Controlled via precision slow-mo1ion 
drive. To1al scale leng1h. approximately 
60 inches. 

1%. 

Uncalibrated con!rol provides cover of 
approximately 25 kHz. 

Altor warm-up, 0·0025% or better m 
10-minule period. 

Negligible below 50 mV; no! greater 
than 0·1 % above. 

Carrier shift is variable from -100 to 
+ 100 kHz by continuous and stepped 
conlrol. The slepped control has three 
negative and th ree positive shih posi
tions. each with indopendent preset 
adjustment. and one zero shift posilion. 
Shill is monitored by meter w ith two 
rang es. - 20 to + 20 kHz and - 100 to 
+ 100 kHz. 

Direct accuracy varies inversely with 
carrier. frequency horn within 10% lO 
20% of f.s.d. 
Using correction charl supplied. accur
acy at al l carrier frequencies is w ithin 
10% of f.s.d. 

Total harmonic contenl 1s less than 10%. 
There are no sub-harmonics. 

The source e.m.f. is continuously vari 
able from 0·2 ,.v to 200 mV. The at 
tenuator dial shows the source e.m.f. 
both directly and in decibels relalive to 
1 µV. The dial cursor can be posi tioned 
10 indicate voltage across a 50-ohm load 
instead o f source e.m. f. 

Incremental. 0·2 dB: overall. 2 dB. 

50 ohms ; v.s.w.r. not greater than 1 ·25 :1 
using tho 20-dB Pad. TM 4919. or 1 ·6 
using the 6-dB Pad. TM 491 9/1. 

Neg ligible ; permits full use ol lowest 
output. 

TF 1066 B Series 

M odulation 

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

Modulation is monitored by a meter w ith two scales. both of which 
indicate ei ther 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 o f the TF 10668 / 1 is i ts incremental tuning 
system by which small. precise changes can be made in carrier 
frequency, ei ther continuously variable or stepped, and read directly 
from a panel meter. The stepped control provides six preset incre
mental shifts up to ± ·1 00 kHz - a feature w hich greatly faci l ita te~ 
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 o f a narrow-band system under test. 

Rack M ounting 

An alternative version. TF 70668/7 R, is available for mounting in a 
standard 7 9-inc/J rack. 

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

FREQUENCY MODULATION 

Internal Modulation frequencies: 1 and 5 kHz. 
Deviation variablo to 100 kHz maximum 
and indicated on two meter ranges. 0 to 
20 kHz and 0to100 kHz. 

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

Deviation Accuracy Direct accuracy for internal modulation 
varies inversely with carrier frequoncy 
from within 7% of f.s.d. to w ith in 20% of 
f. s.cl. : using correction ch<11t supplied. 
accurac•t at all carrier frequencies is 
w ithin 7% of f.s.d. Accuracy over ex
ternal rnoclu lation frequency rnnge is 
w ithin 5% of accuracy at 1 kHz. 

A.M. on F.M. Typically. less than 5% modulation depth 
at maximum deviation. 

Residual F.M. The f. rn. due to hum and noise is less 
than 100 Hz deviation. 

AMPLITUDE MODULATION 

Internal Modulation frequencies: 1 and 5 kH z. 
Modulation depth va riable up to at least 
40% and indicated on two meter ranges. 
0 to 20% and 0 to 100%. 

External Modulation frequency range : 30 Hz 
to 15 kHz. Modulation depth as for 
internal. Input requirements : 10 vo11s 
across 1 Mn for 40%. 

Modulation Depth Accuracy ± 5% modulation on 0 to 20% range. 
± 10% modulation up to 40% on 0 to 
100% range. 

F.M. on A.M. For 30% a.m .. varies typically from 4 kHz 
at 10 MHz to 60kHzat 100 MHz. 

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

POWER REQUIREMENTS 

DIM ENSIONS AND WEIGHT 

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 
15/i-in 

39·5cm 

Width 
21 in 

53·5 cm 

Depth 
10!t in 
27 cm 

Weight 
54Jb 

24·5 kg 
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TF10668/6 

D Up to 400 kHz deviation with up to 100 kHz mod. 
frequency 

D Stepped and continuously variable incremental tuning 

TF 10668/6 

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

R.F. Oscillator 
Stabi lity and purity of signal are enhanced by the use 

of a rigid cast r.f. box. stabi li sed 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 osci llatory circulating currents 
through metal to meta l contacts. 

The open circuit output voltage is continuously variable 
from 0·2 p.V to 200 mV and is derived v ia a source 
impedance of 50 D. The level of output is controlled by 
means of a piston attenuator with a 4! -inch dial bearing 



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

Modulation 
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 modti lation frequency 
range (external} being 30 Hz to 100 kHz. 

The ca rrier can also be a'mp litude modulated up to a 
depth of 40% at any frequency in the range 30 Hz to 
15 kH z. 

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. de~iatio~ or 
a.m. depth is directly indicated. The modulation meter has 
two scales. both of which indica"te either f.m. deviation in 
kHz or a:m. depth in percentage. depending on the type of 
modulat ion used. 

FREQUENCY 

Range 

Calibration accuracy 

Cryslal calibration 

Fino tuning 

Frequency slability 

Atlcnuator reaction 

Incremental froquoncy control 

lncromenlal eccuracy 

Spurious sJgnols 

R.F. OUTPUT 

10 lo 470 MHz in five bands: 
A101022MHz C50 to115 M Hz 
8 22 to 50 MHz D 115 to 270 MHz 

E 270 to 470 MHz 
:1: 1%. 

10 M Hz and 1 M Hz. 
Accuracy: ±0·02%. 

Uncalibraled control provides cover 
of approxirnalely 25 kHz lo 100 kHz 
depending on carrier frequency. 

Drift is not grealer than 0·015% in a 
10 rninule period after 1 hour w arrn -up. 

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

Carrier shill is variable from - 100 kHz 
lo + 100 kHz by continuous and stepped 
control. The stepped control has th ree 
negative and three positive positions. 
each w ith independent pre-set adjust
ment and one zero-shift position. Shift 
is monitored by meter with two ranges. 
-20to + 20 kHz and -10010 + 100 kHz. 

± 15% of full scale at all carrier fre
quencies. Above 11 5 MHz this tolerance 
applies aher use of correction chart. 
Oirect accuracy above 115 MHz w i1hou1 
chart is ± 25% of full scale. 

There are no sub-harmonics of the 
carrier frequencies. 

Level The source e.m.f. is conlinuously variable 
from 0·2 µV to 200 mV. The attenuator 
dial shows the source e.m.f. bolh directly 
and in decibels relative to 1 µV. The dial 
cursor can be posi1ioned to indica1e 
voltage across a 50 O load instead of 
source e.m.f. 

Oulpu l accuracy Incremental. ±0·2 dB ; overall. ± 2 dB. 

FREQUENCY MODULATION 
inlernal 

Exlornal 

Modula tion frequencies: 1 and 5 kHz. 
Oevialion variable to 100 kHz maximum 
on ranges A and B. 400 kH z on ranges 
C and D. and 300 kHz on rango E. 
Deviation indicated on meler wilh 1hreo 
ranges: 0 to 20 kHz. 0 to 1 00 kHz and 
0 to 400 kHz. 

Modulalion frequency range : 30 Hz 10 
100 kHz. Deviation as for INTERNAL. 
Input requirements: 25 vol ls across 
5 kO or more for maximum deviation. 

TF 1066B series 

Incremental Tuning System 
An outstanding feature of the TF 10668/ 6 is its incre

mental tu~ing system by which.small precise changes can 
be made 1n carrier frequency, either continuously variable 
or stepp'ed. and read direqly from the panel meter. The 
stepped control provides six preset incremental sh ifts 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 fi ne tuning 
control for setting the signal generator accurately to the 
centre frequency of a narrow-band receiver under test. 

Rack M ounting 
An alternative version. TF 10668/ 6R. is available for 

mounting in a standard 19-inch rack. 

Deviation accuracy 

Demodulated distortion 

A.M. on F.M. 

Residual F.M. 

AMPLITUDE M ODULATION 
Internal 

External 

Modulatio11 depth accuracy 
F.M. on A.M. 

Residual A.M. 

POWER REQUIREMENTS 
A.C. Mains 

DIMENSIONS AND WEIGHT 

ACCESSORIES 
Supplied 

Optional 
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TC 25688 

TM 4824 

TM 4919/1 .. 

TM4919 

TM4918 

TM4916 

TM4917 

TM 5753 

Accuracy for internal modulation is 10% 
of full scale at all carrier frequencies 
on devialion rangos 0 lo 20 kHz and 
0 lo 100 kHz. and ± 15% of full scale on 
tho 0 to 400 kHz devialion range. Above 
115 MHz. those tolerances apply only 
after use of the correction chan. Direct 
accuracy wilhout the chart above 
115 MHz is 20% of lull scale. Accuracy 
over external modulation frequency 
range is w i1hin 12% of the accuracy at 
1 kHz. 
Dislortion introduced by lhe modula1or 
is not grealer than 10% a1 the maximum 
permissible deviation on each range. 
Belween 215 and 265 MHz l he distor-
1ion is nol grcaler l han 5% al maximum 
devia1ion. 
Typically. loss lhan 5% modula1ion 
deplh al maximum deviation. 
The f.m. due lo hum and noise is less 
l han 100 Hz deviation. 

Modula1ion frequencies: 1 and 5 kHz. 
Modulation depth variable up to at least 
40% and indicaled on a me1er scaled 
Oto 50%. 
Modulation froquericy range : 30 Hz to 
15 kHz. Modulation depth as for INTER
NAL. lnpul requirements : 12 volts 
across 270 kO for 50%. 
±5% modulalion. 
For 30% a.m.. varies lypically from 
15 kHz at 10 M Hz to 60 kHz al 100 MHz. 
The a.m. due lo hum and noise is better 
than 50 dB below 30% modulation. 

200 to 250 vohs and 100 to 130 vol ls: 
40 to 60 Hz: 90 wans. 

Heigh l Width 
14 t in 21 in 

39·5 cm 53·5 cm 

Correc1ion Chan 

OltlPUI Lead 

6 dB Allenuator Pad 

20 dB Allenua1or Pad 

Melching Unit 

Dep1h 
10t in 
27 cm 

Weight 
54 1b 

24·5 kg 

Matching Unit 60 0 unbnl. 10 300 o bal. 

D.C. lsolaling Unit 

Coaxial Fuso 



F.M. Signal Generator 

D Total frequency cover: 4 to 1000 MHz 
u Up to any 4 from 5 frequency ranges 
D 300 kHz maximum deviation 
D Low noise and microphony 
D Internal and external /1 f facilities 
Cl Built-in crystal calibrator 
D All solid-state active elements 

This signal generator is suitable ior measurements on all types of f.m. 
receivers operating in the frequency range 4 to 1 000 MHz. Its good 
stabil ity, low t m. noise. and low microphony render it particularly 
suitable for tests on narrow-band fixed and mobile communications 
receivers. w ith complete freedom from the acoustic ringing that can 
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often cause difficulty. On the other hand. the high maximum 
deviation. coupled w ith goocl performance over a w ide range of 
modulation frequencies. permits the use of the TF 2006 for measure
ments on w ide-band multip lex 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 uni t. of which there are 
five. w ith provision for assembling up to four into the signal generator 
during its factory calibration and test. The respect ive ranges covered 
are given in the performance specification under the heading 
Frequency 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 few er osci l lator un~s ; e.g. 10 to 500 MHz with three 
units. Where less than four oscil lator units are fitted. the vacant 
space is occupied by blank panel units. 

Range Selection and Tuning 

Each oscillator unit is complete w ith 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 w ith the dial 
locked (i.e .. by changing angular positio11 or 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 osci llator transistors remain energised at al l times 
while the instrument is switched on. Oscillators not in use are 
prevented from oscillating by forward biasing a d iode connected in 
paral lel with the tuned circuit. This diode is. o f 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 ancl mixers. 

Although the a.I. hetrodyne beat. w ith adjustable output level. is 
available from a telephone jack for special purposes. zero-beat is 
also indicated positively by an a.I. integrating-type frequency meter. 
When the crystal cal ibrator 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 ( .61} 

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

This control is directly calibrated symmetrically about zero in 
three ranges. selected by means of a .61 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 oscil lator 
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 vol tage fed to an appropriate terminal on the 
front panel. The frequency shi ft produced is directly proportional to 
the d.c. level of this voltage. a shift equal to the maximum obtainable 
with the internal .6'f 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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TF 2006 

R.F. Output 

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

Output impedance of the signal generator is 50 0, 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 cal ibration in terms of p.d. 
across a 50 0 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 l ink 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 w hole frequency range, obviating the need 
for manual adjustment to t he 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 al l Marconi Instruments 
counters and most cou nters by other manufacturers. 

Modulation Facili ties 

The TF 2006 can be frequency modulated internally or externally, 
or squarew ave on/off modulation can be applied either internally or 
from an extern.al 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 0 irrespective of the seuing o f 
modulation frequency or f.m. deviation. 

Frequency Modulation 

The signal generator can be frequency modulated internally or 
external ly 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 wi th bui lt-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 .6 f 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 portabili ty 
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. 



TF2006 

FREQUENCY 
Range 

Mechanical tuning 
discrimination 

Calibration accuracy 

Stability 

Load reaction 

Attenuator reaction 

Electrical line tuning 

Accuracy 

4 to 1000 MHz using 5 osci llator units. of 
which any 4 can be assembled into a 
generator. 
(1) 4to 10 MHz (2) 10 to90MHz 
(3) 88 to 220 MHz ( 4) 215 to 500 M Hz 
(5) 440 to 1000 MHz 

Each carrier range unit has an independent 
28 turn knob. The main scale 1s 
substantially linear and a vernier sca le has 
100 divisions. 

±-! or a scale division. but the internal 
crys tal calibrator can be used 10 increase 
the accuracy 10 ± 3 parts in 1 o• + 1 kl~z. 

Frequency range 
.q to 10 MHz 

10 to 90 MHz 
88 10 220 MHz 

215to 500MHz 
440 10 1000 M Hz 

Frequency scale 
divisions 
100 kHz 

2 M Hz 
2 MHz 
5 MHz 

10 MHz 
At a constant ambient temperature in the 
range 1 o•c to 35°C. immediately after 
swi1ching on. the drift is typically 10 
kHz per 15 minutes at 10 M H2 and 50 
kH z per 15 minutes a! 1000 M Hz. 

At a constant ambient temperature in the 
range or 1 o•c 10 35°C and after thermal 
equilibrium has been reached. the drift 
does not exceed 15 p.p.m. + 1 ·5 kHz per 
15 minutes. 

The1mal equilibrium is reached after the 
following times: 

Frequency range 
M Hz 

4- 10 
10- 90 
88- 220 

215- 500 
440-1000 

Time 
(min) 
30 
9Q 
60 
45 
45 

The thermal equilibrium limes stated are 
not additive. If. on a given frequency 
range thermal equilibrium has been 
reached. and the instrumem is switched 
to ano1her range the drill specification 
will be met wi1hin 3 minutes. 

One hour after a 1 o•c change in ambient 
1empera1ure. within the range 1 o•c lo 
35°C. the drift does not exceed I 00 
p.p.m. +3 kHz per 15 minutes after 3 
hours the drif! rate does not exceed 
15 p.p.m. +1 ·5 kHz per 15 minutes. 

For a supply voltage change of ± 10% 
abou1 230 vol1s or 115 volts. the 
frequency change is less than 500 Hz 
a! the highcs! generated frequency. 

With the coarse auenuator set 10 give at 
least 20 dB anenuation. the maximum 
frequency shih between the output open 
circuited and loaded with 50 O is 1 kHz. 

With !he output loaded wi1h 50 o. 1he 
maximum frequency shifl between a 
coarse attenuator sening of 20 dB 
attenuation and any grea ter a11enuation 
is 500 Hz. 
Three calibrated ranges are provided for 
each carrier band. 

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

Carrier oscillator units 215 10 500 and 
440 to 1000 MHz have line tuning 
ranges of ± 30. 100 and 300 kHz. The 
smallest scare division is 1 kHz. 

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

c.f range 
(kHz) 
300 
100 
30 
10 

Accuracy 
(kHz) 
± 6 
±2 
± 1·5 
±1 

Internal crystal calibrator 

Accuracy 

A meter null indication is provided at all 
1 O. 1 and 0·1 MHz points. 

The met9r readout gives 1 kHz discrimina· 
tion at check points. 

The oven con tro lled crystal reaches 3 
parts in 1 o• after 15 minu tes in the 
ambient tempera ture range of 10°C 10 
35°C. To reduce ex ternal d.c. consump· 
ti on the crystal oven can be switched off. 

R.F. OUTPUT 
Level 

At1enuators 

A.L.C. 

Total level accuracy 
(above 1 µV) 

Effective source/ output 
impedance 

Coun!er output 

C.W. distortion 
(total harmonic) 

200 mV e.m.f. down 10 0·2 1N . 

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

With a terminated ou tput. au tomati c level 
con trol maintains the level meter reading 
substantially consta 11t so tha t no manual 
adjustme111 is necessary. 

±1 dB to 500 MHz. 
±2 dB to 1000 MHz. 

V.S.W.R. be11er than 1·1 5 to 260 MHz 
1 ·25 to 500 MHz 
1·5 to 1000MHz 

100 mV r.m.s. minimum across 50 O up to 
600 MHz. 

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

Less than 2~% from 90 MHz to 1000 M Hz. 
Less than 4% from 4 MHz 10 90 MHz. 

Leakage With a two-turn loop of one inch 
diameter connected 10 a receiver. a signal 
cannot be detec1ed a! a distance greater 
than 1 inch from 1he signal generator at 
frequencies up 10 500 MHz with the 
receiver sensttivi1y set at 1 1N. or above 
500 MHz w11h 1he receiver sensi1ivity set 
at 2 µV. 

FREQUENCY 
MODULATION 
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Monitor A full-wave peak·rcading meter is scaled 
0-100 and 0 ·30. 

Deviation range Four ranges are provided for each carrier 
band. Carrier oscillator units 4 to 10. 
10 to 90. and 88 to 220 MHz give 
moni1or full scales or 3. 10. 30 and 100 
kHz peak deviation. Carrier oscillator 
uni!s 215 10 500. and 440 to 1000 MHz 
have deviation ranges or 10. 30. 100 
and 300 kHz. 

Modulation bandwidth D.C. and 20 Hz 10 125 kHz. Suilable for 
f.m. stefco. Typical channel separation 
figures are 33 dB at 50 Hz. 36 dB at 
1 kHLand34dBa115kHL 

Deviation accuracy At 1 kHz modulation frequency the 
deviauon accuracy. when standardized 
against the internal crystal calibrator 1s 
± 6% of f.s.d. on all ranges. 

Modulation frequency 

Withou1 standardization the accuracy is 
± 1 2% on all ranges. 

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

characteristic ±0·5 dB rela1ive 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. 

F.M. distortion Using the in1ernal oscillator for maximum 
deviation. al modulaung frequencies from 
100 Hz to 20 kHz. the to!al harmonic 
distor1ion does not exceed 2%. excep t 
between 4 MHz and 20 MHz. or above 
500 MHz carrier frequency where there 
may be an extra 2%. At modulating 
frequencies from 20 kHz to 125 kHz at 
maximum devia tion. the tota l inter· 
modulation dis!ortion (CCIF method) 
does not exceed 3%. 



A.M. on F.M. 

F.M. noise 

Internal modulation oscillator 

Al maximum dev1a11on on 1he ranges from 
90 MHz to 1000 MHz. less 1han 25% a.m. 
Al 75 kHz dev1a11on on the ranges from 
4 MHz to 90 MHz. less 1han 6% a.m. 

W11h psophometric we1gh 11 ng as follows : 
Telephone: less thnn 20 Hz equivalen1 

devia11on. typically 12 Hz. 
Flat : less lhan 60 Hz equivalenl 

dev1a11on. typically 40 Hz. 
115 kHz bandwidth) 
Range: 20 Hz 10 125 kHz. 

Dial accuracy: :t:10%. 

Ou tpul level: 0 dBm :1:0·5 dB into 600 C'l 
from 30 Hz to 125 kHz. 

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

External modulation Input 1crminals for external f.m. or fine 
tuning or both. 

AMPLITUDE MODULATION 

Input level: 1 ·5 volts r.m.s. into 600 C'l 
for maximum frequency 
devinti on. 
- 1 volt to - 4 volts for 
maximum fi ne frequency 
shift. 

Internal or external ON/OFF square wave modulation. An 
internal squarer will square a sine wave 
input. or o square wavo drive may be 
opplicd. 

Frequency 630 112 to 2 kHz. 

External input 1 ·5 volts r.m.s. or 4·5 volts P·P into 
6000. 

A.M. on c.w. Greater than 60 dB down on 100% 
modulauon. measured in a 20 kHz 
bandwidth. 

M ICROPHONY When checked on a mechanical vibrator. 
loss than 12 kHz deviation is caused by 
; g. accelera1ion 111 Jhc range of 10 to 
80 Hz. (Al 10 Hz.; g corresponds to a 
displacement of 0· 1 inch.) 

Each genera1or is checked on the mobile 
radio bands to ensure freedom from audio 
feedback between tho receiver speaker 
ond the generator under normal w orking 
conditions. 

POWER REQUIREMENTS 

AC. Mains 

External D.C. 

DIMENSIONS ANO 
WEIGHT 

ACCESSORIES 

Supplied 

Op1ional TM 9927 

TM 9130, set of accessories 
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TF 2006 

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

23 10 32 volts posi tive earih. 0·55 amps 
or 0·35 amps with crystal oven off. 

Height 
13 in 

(33 ems) 

Width Depth Weight 
181n l61n 801b 

(46 ems) (41 ems) (36·4 kg) 

Mains lead. TM 7052. 6 ft long; 

Link. 50 Q typo N mole-type N male. 
connects DIRECT OUTPUT to A TIEN 
IN PUT sockets. 

Set of accessories in box. TM 9130 
comprising: 

6 dB pad. type N mole-typo N female. 

Impedance: 60 O. 
Frequency ronoo: D.C. to 1000 MHz 
Accuracy: :1: 0·3 dB. 
V.S.W.R.: Loss than 1 ·1 :1. 
Maximum input: 1 Wall 

Output Lead TM 4726/12 50 C'l type N 
male-type N molo 3 fl long. 

Output Lead, TM 4969/3. 50 Q 8NC 
molc- BNC mole. 5 ft long. 

Adapter. type N rn olo-BNC lomalo. 

Telephone jack plug. for crys1a1 
calibrator output sockel. 

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

Extension lead. 12-woy, feeds the 
supplies and inputs to Dn r.f. oscillator 
when opera1ed clear of the instrument. 

Extersion lead. coaxial. TNC male
TNC female. feeds the outpu t from an 
r.f. oscillator when operated clear of 
the instrument. 



TF1073A Attenuator 

0 D.C. to 150 MHz 
0 1 dB steps 
0 Double-screened construction 

R.F.ATIENUATOR 
Tr I07lA Ht ~247$/070 
MARCONI INSTRUMENTS l!0 

ENGi.AND 10 
• • 

60 
40 

• 20 • 12 

• 
-ADDdB-l6 • 

This r.f. attenuator is variable in 1 -dB steps from 0 to 
100 dB at 750 impedance. Its basic construction gives an 
exceptionally flat frequency characteristic. The. attenuator 
is an instrument in its own right-not just a component 
w hich must be bui lt on to the equipment with which it is 
to be employed. 

Anenuation range 100 dB in 1-dB s1cps. Provided by coa1so 
and line coniro ls: ono g1v1ng 80 dB 111 
20 ·dB s1eps: 1ho 01hcr g1v111g 20 dB rn 
1 ·dB slcps. 

Frequency range 0 to 100 MHl: usable to 150 MHz w11h 
reduced accuracy. 

Characterrstic impedance 750. 

Accuracy at 1 OD MHz Each ~t ep of th<> coa1sc sccuon 1n 11 oducos 
20. dB ±0·2 dB. bul the cumulatrvo crro1 
clu.i 10 tl1csc steps ncvo1 exceeds ·l 0·5 dll. 
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• 

The attenuator allows accurately known changes of 
output to be obtained from video or r.f. oscillators. It can 
be used in measuring amplifier gain. transmission loss of 
networks. frequency response of filters. power-level tests 
on transmitters and generally extending the usefu lness of 
other test equ ipment. 

Power input 

DIMENSIONS ANO 
WEIGHT 

Each step o f the frne section is independent 
and rn11oduccs tho nominal a1tenua11on 
±0·2 dB. 

Inputs up to a maximum of 0·25 watts can 
be applred. 

Height 
8 rn 

20·5 cm 

Width 
10.in 

26·5 cm 

Dep1h 
7 in 

18 cm 

Weight 
Jtlb 

3·4 kg 



U .H .F. Attenuator TF 21635 

TF 2163S is a 50 n switched attenuator suitable for use at 
all frequencies up to 1 GHz. Its accuracy and freedom 
from standing w aves 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 d B in 1 dB steps. The sum of the 
settings gives the overall attenuat ion. 

FREQUENCY RANGE D.C. to 1 GH z. 

ATTENUATION 

IMPEDANCE 

V.S.W.R. 

Range O to 142 dB in 1 dB steps. 

Accuracy Up to 1 30 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 ± 1·5% 
±0·2 dB. 

50 0 input and output. 

Not exceeding: 
1 ·1 below 200 MHz. 
1 ·25 below 500 MHz. 
1 ·5 below 1 GHz. 
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[1 0 to 142 dB in 1 dB steps. 
D V.S.W.R. 1.1 up to 200 MHz, 

1.5 up to 1 GHz. 
D 500 impedance. 
D 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 r.nodule casing. It can. of course 
occupy any position in a full -module rack mounting case. 
It is provided witll a front panel lid equipped to stow a 
coaxial r.f . fuse uni t. spare fuses. and two type N to BNC 
adapters. 

MAXIMUM 
POWER INPUT 

INSERTION LOSS 

DIMENSIONS 
AN D WEIGHT 

ACCESSORIES 
Optional 

0·5 watts. 

Approx. 0 ·3 dB per 100 MHz. 

Height Width Depth Weight 
7~ in. 5l in. 1 Ot in. 8 lb. 
19·5 cm 14 ·5 cm 27 cm 3·63 kg 

TM 4726/286 Connecting lead. 
TM 5753 R.F. Fuse Unit. 
TM 7010 Rael< Mounting Case. 



Signal Generator Accessories 

~==j«~l~~ 

~~kl.J'=ii:::~ 

R.F. Connecting Cables 

TYPE No. Ro LENGTH 

TM 4969 50 0 36 in 

TM 4969/3 50 0 60in 

TM 4726/ 152 50 0 60in 

TM 4824 50 0 36in 

TM 4824/ 1 500 54 in 

Attenuator Pads 

TYPE No. ATTENUATION 

TM 5573 20 dB 

TM 5573/ 1 6 dB 

TM 5552 20 dB 

TM 4919 20 dB 

TM 4919/ 1 6 dB 

TM 5554 10 dB 
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CONNECTORS 

INPUT OUTPUT SUITABLE FOR 

BNC Plug BNC Plug 

Frequencies up to 500 MHz 
BNC Plug BNC Plug Signal Generators : 

TF 144H series 
TF 2002AS 

BNC Plug Belling Lee 
L778FP Small 
Screenector 

N Plug N Plug Frequencies up to 500 MHz 
Signal Generators: 
TF 801 D series 
TF 1066B series 

N Plug N Plug Attenuator TF 21635 

IMPEDANCE CONNECTO RS SUITABLE FOR 

50 0 BNC Frequencies up to 500 MHz 
Signal Generators : 
TF 144H series 
TF 2002AS 

50 0 BNC 

75 0 BNC Signal Generator: 
TF 995B series 

50 0 N Frequencies up to 500 MHz 
Signal Generators: 
TF 801 D series 
TF 1066 B series 

50 0 N 

50 () N Frequencies up to 1200 MHz 



·s:=J)J 

M atching Units 
TYPE No. DESCRIPTION 

TM 5569 50 0 to 75 Q Matching Pad. Comprises a single 25 0 
series resistor to convert the 50 n source resistance 
to 75 0. 
Input connector: BNC Plug. 
Output connector: Belling Lee L778FP. 

TM 6599 Similar to TM 5569 but w ith Burndept type PR4E 
output plug. 

TM 5955/5 Matching Transformer 50 0 unbalanced to 300 0 
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. 

TM 61 23 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. 

TM 4918 50 0 to 75 0 Matching Pad. Comprises a single 25 0 
series resistor. 
Input connector: N socket. 
Output connector: Belling Lee L734P plug. 

TM 5548 50 0 to 75 0 Matching Pad. Comprises a single 25 0 
series resistor. 
Input connector: N socket. 
Output connector: Burndept PR40 plug. 

TM 5549 50 Oto 75 0 Matching Pad. Similar to TM 5548 but 
with Plessey Major CZ71 060 output plug. 

TM 4916 Matching Unit 50 0 unbalanced to 300 0 balanced. 
Uses resistive networks only for measurements on 
receivers w ith balanced transformer inputs. 
Input connector: N socket. 
Output connectors : Solder spi lls. 

Coaxial Fuse 
TM 5753 For use with signal generators TF 801 D series and 

TF 10668 series to prevent damage to the attenuator 
through accidental application of r.f. or h.t. power to 
the circuit under test. 
Rat ing : 0·4 watt. 
Insertion Loss : Nominally 0·5 dB. 
V.S.W.R.: 1 ·35 or less when terminated with 

a matched 50 0 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 
TM 4917 For use with TF 801 D series and TF 10668 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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SUITABLE FOR 

Signal Generators: 
TF 144H series 
TF 2002AS 

Signal Generators: 
TF 144 H series 
TF 2002AS 

Signal Generators: 
TF 144H series 
TF 2002AS 

Signal Generators: 
TF 144H series 
TF 2002AS 

Signal Generators : 
TF 801 D series 
TF 10668 series 
Attenuator TF 21635 

Signal Generators : 
TF 801 D series 
TF 10668 series 
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Oscillators and A.F. Attenuators 

Attenuat ion Networks 

At the frequencies covered by the instruments in this 
sect ion, it is frequently convenient to build into test circuits 
simple attenuator pads of the form shown. The accompanying 
table should be helpfu l in calculating the values of the resistive 
elements. 
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Frequency Nomenclature 

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

The terms in common usage are somewhat imprecise, but, as 
the ma in differences between the various signal sources in this 
section is that of frequency coverage, a somewhat arbi trary 
nomenclature is used for identification purposes. The term 
"medium frequency" is appl ied 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 clearl y stated on all 
descriptive literature associated with them. 

Atten. Multiplying Factors 
in d B 

R, Rz Rs R4 

0·5 0·0287 17·361 0 ·0576 34·79 
1 0·0575 8·669 0· 11 5 17·39 
2 0 ·11 5 4·305 0·232 8·726 
3 0·171 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 1 ·116 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 l ·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 0·113 8·876 1-1 19 
30 0·939 0·0633 15·80 1 ·065 
35 0·965 0·0356 28·13 1 ·036 
40 0 ·980 0 ·0200 50·0 1 ·020 

In order to find the actual values of R, and R2 multip ly the 
figures given in the t able above by the characteristic resistance R0• 



Oscillators and VVaveform Generators 

Title and Type Number 

Wide Range R-C Oscillator TF 1370A 

R·C Oscillator TF 1101 

A.F. Oscillator TF 2102M 

Wide Range Oscillator TF 2103 
Two-Tone Signal Source TF 2005 

Double Pulse Generator TF 2010 

Att enuators 

Title and Type Number 

M.F. Monitored Attenuator TF 2161 

M.F. Attenuator TF 2162 

Frequency Range 

10 Hz to 10 MHz 
20 Hz to 200 kHz 

3 Hz to 30 kHz 

10 Hz to 1 MHz 

20 Hz to 20 MHz 
2·5 Hz to 2·5 MHz 

Frequency Range 

D.C. to 550 kHz 

D.C. to 1 MHz 
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Rack 

Mounting Kit 

TM 7010 

TM7010 

Rack 

Mounting Kit 

TM 7010 } 
TM7010 

Pages 

42-43 

44 

45 

46 

48-49 

50-51 

Pages 

52-53 



VVide Range R-C Oscillator 

D Frequency range (sinewave) : 10 Hz to 10 MHz 

0 Squarewaves up to 100 kHz 

D High outputs - 31-6 volts up to 1 MHz 

D 1mV to 3·16 volts at 75, 100, 130, or 600 n via attenuator 

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 osci llator rs primarily a signa l source for measure 
ments and tests on a.f. and v.f. amplifiers and networks. 
With its four ou tput impedances-600. 130. 100 & 75!1-
it is very suitable for use with transmission lines. filters. 
a tten ua tors. etc. 

Sinewaves 

The wide-range Wien-bridge osci llator covers 10 Hz to 
10 MHz in six decade bands. The top band, w ith its 
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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 reconci led by a dual-ratio control, 
3 :1 for rapid adjustment and 18 :1 for fine tuning . 

Outputs from 1 mV to 3·16 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 cal ib
rated in open -circuit voltage and decibels. The output 
impedance can be set to 75, 100. 13 0. or 6000. as required. 



Low outputs down to 10 p.V at 7 5 or 5rl can be 0btained 
by using the x 100 Attenuator Pad available as an 
optional accessory. 

High outputs up to 31 ·6 volts. at frequencies uµ 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 

FREQUENCY RANGE 
Sinewave operation 

Squarewave operation 
Scale accuracy 

Stability 

ATIENUATOR OUTPUTS 
Sinowave operation 

Squarewave operation 

Output impedance 

Attenuator accuracy 

DIRECT OUTPUTS 
Sinewave operation 

Squarewave operation 

Impedance 

METER 
Vollage scales 

Accuracy 

1 0 Hz to 1 O MHz. in six decade bands. 
10 Hz to 100 kHz. in four decade bands. 

± 2% ± 1 Hz: 
Drift less than 1x1 o·J/ fifteen minutes. 
after ono hou(s operation. 

Seven ranges oi e.m.f. between 10 Hz 
and 10 MHz. w ith maximum r.m.s. values 
of 3-10-30-1 00-300 mV. and 1-3 volts. 
Output/ Frequency Characteristic
rclarive 10 1 kHz : Between 10 and 100 Hz: 
Within ± 0·5 dB. 
Between 100 Hz and 1 MHz: Within 
± 0·25 dB. 
Between 1 MHz and 10 MHz: Within 
± 1 dB. 
Allenuotion Range: Six 10 dB steps 
between -50 dB and + 10 dB. 
Seven ranges of e.m.f. between 10 Hz 
and 100 kH z. w ith maximum peak 
values of 3- 10-30-1 00-300 mV, and 
1-3 volts. (For p-to -p values. multiply by 
2.) 
Output/Frequency Characreris1ic
re/a1ive co 7 kHz: Between 10 Hz and 
100 kHz: Within ± 0·3 dB. 
Auenuarion Range: Five 10 dB steps 
between - 50 dB and 0 dB. 

Four switch settings giving values of 
750. 1000. 1300, and 6000 unbalanced. 
at all attenuator settings. except on the 
maximum output step using square· 
waves. when the source impedance is 
increased by 2500. 

The swi tch ranges are w ithin ± 1 dB 
overall. 

(p.d. ac1oss loads greater than 2·2 kO) 

Two ranges of at least 10 volts and 31 ·6 
volts r.rn.s .. between 10 Hz and 1 MHz. 

Two ranges of at least 20 volts and 73·2 
volts P· tO·P (± 10 volts and ± 31 ·6 volts 
peak with respect 10 zero). between 
10 Hz and 100 kHz.. 

10 volt Range: Nominally 6500. 
37·6 vole Range:° Nominally 250 with 
500 µF in series. 

Two ranges, graduated from 0 to 10 and 
Oto 31·6. 
Sinewave Operation: ± 3% of f .s.d. 
between 10 Hz and 1 MHz. 
± 3% of f.s.d. ± 2% of readiRg between 
1 and 10 MHz. 

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. i.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. 

Decibel scales 

DISTORTION 
Sinewavo operation 

FREQUENCY 
RANGE 

20 Hz to 100 Hz 

1-00 Hz to 100 k~lz 

100kHzto1 MHz 

1 MHz to 4 MHz 

4 MHz to 10 MHz 

Squarewave operation 

Hum 

POWER REQUIREMENTS 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Supplied 

Optional 

A.C. Mains 

TM 6221 

TM 4726/136 
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Squarewave Operacion: ± 3% of f.s.d. 
:1:2% of reading between 10 Hz and 
100 kHz. 
One ra nge from - 20 dB to 0 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 750 load w ith sinewaves and 
squarewaves. when using the 1 volt 
(0 dB) a!lenuator selling and the 750 
impedance setting. 

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

PERCENTAGE DISTORTION 
BANDS ATIENUATOR DIRECT 

OUTPUTS OUTPUTS 

A 2% 2% 

6.C& D 0·5% 
,., ,. 

E 1"' '" 2% 

F 2% -
F 5% -

Rise Time: Not greater than 0·4 µsec 
at i f.s.d.. and not greater than 
O· 75 µsec at f.s.d. 
Sag: Approximately 5% at 20 Hz using 
2·2 kOload. 
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; 
45 to 65 Hz; 150 VA. 

Height Width Depth 
1 4 in 20 in 11 in 

35·9 cm 50·6 cm 27'5 cm 

Weight 
3Blb 
17kg 

Coaxial Free Plug. Type BNC. 750; for 
use w ith either output socket. 

Unbalanced-to-Balanced Transformer; 
600 to 600/200/1 500. 

75Q Coaxial Lead ; 3 feet long; with 
BNC 750 plugs to connect any of the 
above accessories to the instrument. 



TF 1101 R-C Oscillator 

D Frequency range: 20 Hz to 200 kHz 
D Thermistor stabilized oscillator 
D 60 dB step attenuator 
D 0 ·1% distortion at 1 kHz using built-in filter 

FREQUENCY 

OUTPUT 

Range 20 Hz 10 200 kHz in lour ra nges o f 20 
to 200 Hz, 200 Hz 10 2 kHz. 2 to 20 kHz. 
and 20 10 200 kHz. 

Accuracy :1:1·5% :1:1 Hz. 

Stability :1:0· 1 5% :1: 1 Hz ahor warm-up. 

Response For any given selling of the output 
controls. 1he ou1put level remains constant 
10 v111h1n :!:0· 5 dB from 20 Hz to 200 kHz. 

Direct Continuousl1•-variable up to 20 volts for 
ex1ornal loads or 600 ohms or greater. 

Via tho 600 O Attenuator Con1inuously ·variable up to 20 volts 
source e.m.f. in seven stops with 
maxima of 20 rnV, 60 mV. 200 mV, 
600 mV, 2 volls. 6 volls and 20 volts. 

Tho lns1rumon1 is also calibrated from 
-60 lo +28 dB rela1ivo to 1 mW to show 
lho power doliverod 10 an external 
600 ohm load. 
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A w ide frequency range together wi th high output. purity of wave
form. and frequency stability, are primary requirements in any 
high-quali ty general-purpose oscillator. All of these features are 
combined in this compact Marconi R-C Oscil lator. 

The frequency coverage of 20 Hz to 200 kHz wi th i -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 
fi lter can be connected in series w ith the output to provide a 1 kHz 
test tone with harmonic content less than 0·1 %. 

Frequency response measurements are faci litated by the semi
logarithmic frequency scale w hich gives the same order of setting 
accuracy at al l 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 

ferri te-cored output transformer. A high order of frequency stability 

is assured by a carefully designed oscillatory circuit and a series

stabilized power supply. 

DISTORTION 

Via the 600 O Auenuator Loss lhan 0 ·5% between 50 Hz and 

HUM 

20 kH z; outside this ra nge. less than 1 %. 

Direct As above except lhaL for outputs above 
10 vol1s and/or loads less than 1 kO. 
dis1or1ion may riso to 1 ·5%. 

Filtered Al 1 kHz. using the built-in band-pass 
filler. less lhan 0 · 1 % with reduced 
OUIPUL 

200 Hz to 200 kHz: - 60 dB. 
20 Hz 10 200 Hz: - 50 dB. 

POW ER REQUIREMENTS 

A.C. mains 100 to 150 volts or 200 to 250 volts; 
46 Hz to 65 Hz. 

DIMENSIONS AND 
WEIGHT 

(Permissible vollage variation of ±5% 
on tapping value). 

Height 
12; in 
31 cm 

Widlh Depth 
8~ in 14i in 

21·5 cm 37·5 cm 

Weight 
31 lb 
14kg 



A.F. Oscillator TF 2102M 

D 3 Hz to 30 kHz 

D Complete freedom from amplitude bounce 

D 10 volts across 600 o 

FREQUENCY 
Range 

Calibration acc':'racy 

Stability 

3 Hz to 30 kHz in four decade bands. 

2%. 
Drift less than 0·02% per 15 minutes 
a'fter warm-up 

OUTPUT 

(assuming fairly constant ambient 
temperature). 

Impedance 600 0 ±5%. floating or unbalanced. 

Level 0 to 10 volts across 600 0 
(20 volts e.m.f.) in 1 volt steps with 
fine control giving continuous 
cover betw een steps with at 
least 5% overlap. 

Stability Level remains constant w ithin 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 aud io 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 c ircuitry 
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 0 to 10 volts 
across 600 0 is achieved by a switched Coarse control, 
having ten 1 volt steps. and a continuously variable Fine 
control covering 1 vol!. 

The output amplifier has a constant very low. source 
impedance. the instrument's 600 0 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. 

DISTORTION 
Harmonic content 

Hum and noise 

POWER 
REQUIREMENTS 

A.C. mains 

DIMENSIONS 

ACCESSORIES 
Optional 

TB 39868 
TM4726/ 136 
TM4726/208 

Less than 1 %. 
Less than -80 dB relative to full 
output. 

100 to 1 30 volts or 200 to 250 
volts. 40 to 65 Hz. 5 VA. 

Height Width Depth Weight 
7% in. 5~ in. 1 o~ in. 8~ lb. 
20 cm 15 cm 27 cm 3·8 kg 

Shielded Adapter {G E 51002). 
Coaxial Output Cable. 
Tw in Balanced Output Cable. 



TF 2103 \Nide Range Oscillator 

D 10 Hz to 1 MHz 

D Sinewave and squarewave 

D Low price 

:J; OUTPUT j fo te n 
tupp ly-e - •• (I 

MARCONI INSTRUMENTS LTD 

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 swi tched ranges) from 0 to 2·5 volts. 

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

FREQUENCY 

OUTPUT 

Range 10 Hz to 1 MHz. Con1inuously 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 M Hz. 
Calibration accuracy: ±3%. 

Waveform Sinewave or squarewave. 
Squarcwave rise·time: Not greater 
than 100 nsec (typically 
30 nsec) between 10% and 90% ampli tude 
points. 

Sinewave distortion Typically 0·5% for frequencies 50 Hz 
to 10 kHz. 

Output amplitude 

Less than 2% for frequencies to 100 kHz. 

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

MADE IN ENGLAND (i 

If mains operation is preferred. the bat1eries may be replaced by a 
Mains Power Unit TM 9808 w hich is available as an optional extra. 

The TF 21 03 employs a transistor Wien-bridge variable frequency 
oscil lator as signal source; this is fo llow ed by an inverter/amplifier 
w hen 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 
fo llower output stage and hence pass via an attenuator to the 
output terminals. Amplitude stabilisation is provided by thermistor
controlled negative feedback. 

Output impedance 600 0 on 2·5 mV, 25 mV and 0·25 volts 
ranges. 
Not grea ter than 600 o on 2·5 volts 
range: typically 100 Oat maximum 
output 
Note: The anenuator is frequency 
compensated to feed a high impedance 
load. II excessive capacitance is connected 
across the output a fall off in l1igh 
frequency response will result. 

POWER REQUIREMENTS Two series·connected 9 volt batteries: 
Vidor type VT9 or Ever Ready typo PP9 
or equivalent (Mains Power Unit optional 
extra). M inimum supply voltage: 12 
volts DC. 
Consumption: 0·4 walls (25 mA: 16 volts). 

Temperature range 0° to +45° Centigrade. 

DIMENSIONS AND 
WEIGHT . 

Heigh t 
4!! in. 
12 cm 

Width 
8! in. 
2·1 cm 

Depth 
5 in. 

12·7 cm 

Weight 
4·6 lb 
1 ·9 kg 

Weight without batteries 2·7 lb ( 1 ·1 kg) 
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Mains Power Unit TM 9808 

(TOP PLATE REHOVED) 

FIG.2 

This compact mains operated power unit is specially designed ror 
use w ithin W ide Range Oscil lators type TF 2103. The need ior two 
series-connected 9 volt baueries ( 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 100/1 25 volts 
operation proceed as below. 
(i) Before connecting supply, remove the four screws referenced 

·A· in Fig. 1 and raise top plate which is joined by tw o wires to 
the internal circuit. 

(ii) The ·mains l ink' ( Refer. Fig. 2) should be soldered in position 
'b' for 100/125 volts operation (position ·a· for 200/ 250 volts 
operation). 

SPECIFICATION 

Input 100/126 volls or 200/250 volts at40/60 Hz 

Consumption Appro~. 5 wotts. 

Output 15-17 volts d.c. Max. current 50mA. 

Output Impedance Typicolly ·10 0 . 

DIMENSIONS 

Weight Approx. 1./t lb. (0·68 kg) . 

Length 
5 :h in 

12·6 cm 

Width 
2in 
5cm 

Height 
3in 

7·6 cm 

FIG.1 

• l 

" 

H t or 

TM 9808 CIRCUIT DIAGRAM 

FIG.3 

(i ii) When mains l ink· is appropria tely positioned replace and 
secure top plate. · 

To install. fit the TM 9808 into the battery compartment or the 
oscillator and clip the battery connectors to the appropriate mating 
plugs and sockets on the top plate of the mains unit. Providing both 
battery connectors are clipped to the mains unit. their positions are 
interchangeable: i.e. it makes no .difference which battery connector 
mates with either plug-and-socket pair. 

Maintenance 

Note: Disconnect mains supply before removing top plate or 
wrap. 

Fuse: A 250mA fuse (FS1 in Fig. 3) is provided below the top 
plate (Refer. Fig 2). 

Removal of Wrap : Should it be necessary to gain access to the 
interior of the unit withdraw the six screws referenced A and B in 
Fig. 1. ra ise and tilt top plate and lift off wrap via top of unit. 

Do not remove screws from the base. 

CONNECTIONS 

CONNECTORS 

(i) Input (mains cable) : 
Red core: mains live 
Black core: mains neutral 
Green core: earth 

(ii ) Output: 
Inner plug: Positive 
Outer socket: Negative 
Outer plug : J Connected 
Inner socket: · to(Jothor 

Refer to Fig. 2. 

The TM 9808 is designed to uni te with 
two connector strips as used for Vidor 
batteries typo VT9 (or equivalen t) . 
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Two-Tone Signal Source 

D Two identical oscillators coverin g 20 Hz to 20 kHz 

D Less than 0 ·1% distortion 

D For intermodulation measurements on 
high quality a.f. equipment 

In certain types of a.f. amplifying or transmission equip
ment intermodulation distortion produced by non-linearity 
is more important than the harmonic distortion. Standard 
methods of measurement of inter-modulation distortion 
have, therefore, been recommended by S.M.P.T.E. and 
C.C. l.F. The TF 2005 Two-Tone Signal Source is an 
assembly of standard Marconi modular units arranged to 
form a convenient test set ror measurements following 
these recommendations. 

The instrument comprises two A. F. Oscil lators type 
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TF 2100 and an A.F. Monitored Attenuator type TF 21 60/1 
mounted together in a standard Marconi full -module case. 
Attenuator type TF 2160/1 is a special version of the A.F. 
Monitored Attenuator TF 2160, and differs from the 
standard instrument on ly in that it has two rear coaxia l 
inlets w hich are connected in parallel to take the outputs 
fro m the two a.f. osci llators. The frequency of each 
osci llator is, of course. indicated on its own calibrated dial. 
Output levels are set up by temporari ly isolat ing each 
osci llator in turn from the monitor-by means of the front 
panel switch- w hi le the ou tput level of the other is being 



TF2005 

checked. The overal l amplitude of the composite signal is 
adjusted by means of the attenuator controls. 

The full technical specifications of the units comprising 
the TF 2005 are given in the appropriate data sheets ; and 
the accompanying specification gives only those per
formance features which are appl icable to the two-tone 
function. 

For general purpose applications either oscil lator can be 
used singly with the attenuator to form an A.F. Signa l 
Source having the same specification as the M arconi 
TF 2000. Or. of course. the a.f. output can be drawn directly 
from either osci llator separately. 

REAR 

~ 
~ 600n 
I 
I 
1 
I 

r------------t------, 
I TF 2100 : : 

A F 

OSCILLATOR 

I -I: 
I r. 
I 

1 1 SIG OUT 
L----------------~ 

r-------------- -, 
I TF 2100 I 
I ' 
I ......( 
I 

' AF I 
I 

1 OSCI L LATOR : ~ ~4-----" 
I : 1 SIG OUT 
L ----- -----i- ---~ 

I 
I 
I 
I .. ~ 

Frequency Range 

Amplitude 

Harmonic Distortion 

Intermodulation 

Hum 

600.!l 

The complete equipment comprises 
two A.F. Oscillators TF 2100 and 
one A.F. M onitored A ttenuator 
TF2160/1. 

20 Hz to 20 kHz in six bands. 
(Each oscillator can be adjusted 
independently.) 

Reference Level: Up to + 10 d Bm 
from each oscillator. 

At1enuator Range: 111 dB in 
0 · 1 dB steps. 

Less than 0·05% between 63 Hz 
and 6 kHz when using unba lanced 
output. 

Genera lly less than 0 · 1 % under 
other conditions. 

Below -80 dB w ith respect to the 
w anted signal. 

Below - 80 dB with respect to the 
wanted signal. 

lOAOgOAO 
INT : EXT 

I r--------------- ---- ----+- ----, 
I TF 2160 : I I I 
1 INPUT 1 I 
I : I 
I VOLTMETER 1 I 
I : I 

I : : 
I I I 

: I 

ATTENUATOR 

', I 
' 

I 
I 
I 

o I 
I 
I 
I 
I 

L...-- - ---------------- -- -- -----~ 
ATTEN I N 

(FRONT) 

POWER 
REQUIREMENTS 

A.C. Supply 

o.c .. s·upply 

95 volts to 130 vol ts a.c. or 
190 volts to 260 volts a.c. 45 Hz 
to 500 Hz ; or 1 05 volts to 
1 30 vo lts a.c. or 210 vo lts to 
260 vo lts ac .. 500 Hz to 1.000 Hz; 
14 VA 

65 volts to 90 volts d.c. : loacl 
60 mA 

ACCESSORIES 

Supplied 
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TM 6958 Signal leads for coupling the 
osci llators to the Atteri uator. (Two) 

TM 7052 Mains Lead. 

TM 7053 H.T. Lead. 

ASSOCIATED INSTRU M ENT 

TF 2330 Wave Analyser. 



Double Pulse Generator 

0 Single or double pulse output 

D Pulse width variab le from 100 nsec to 10 msec 
0 Repetition frequency variable up to 2 MHz 
D 10 nsec rise time 
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This instrument is a general purpose pulse generator capable 
of delivering positive or negative double-pulse waveforms at 
any repetition frequency up to 2 MHz, or single pulse. wave· 
forms at any frequency up to 2·5 MHz. Pulse duration is con
tinuously variable from O· 1' µsec to 10 msec; and the output 
pulse amplitude is variable from zero to 20 volts e.m.f. 

Internal or external triggering may be used. The internal 
trigger source frequency is adjustable over the range 2·5 Hz to 
2·5 MHz by means of a concentrically. mounted variable con· 
trol and rangl? switch. External triggering can be effected by 
application of a sine, square, or pulse waveform to the Ext. 
Input socket. The associated input circuit is d.c. coupled, so 
that the pulse generator may be triggered from isolated tran
sients or at any frequency from zero to the maximum for the 
pulse mode used. Single cycles of the pulse waveform can also 
be triggered manually by means of a panel mounted push· 
button switch. 

In addition to the main output waveform the instrument 

MAIN PULSES 

DELAY 

Polarity Switch selected positive or negative. 

Amplitude Six ranges: 

0- 0·5 volts e.m.f. 
0- 1 volt e.m.f. 
0- 2 volts e.m.f. 
0- 5 vohs e.m.f. 
0-10voltse.m.f. 
0-20volts e.m.f. 

Accuracy : 0·5 and 1 volt ranges± 10% 
other ranges ± 5% 

Rise and fall times Leading edge :10 nsec. 
(10% to 90%) Trailing edge : 15 nsec. 

Duration 100 nsec to 10 msec in five decade 
ranges. 
Continuously variable w ithin each 
range. 
Accuracy : 5% at exuemities oi scale: 
10% at intermediate points. 

Output Impedance 1000 on 20volt amplitude range. 

500 on all other ranges. 

Range 

Single pulse mode 

Double pulse mode 

100 nsec to 10 msec in iive decade 
ranges. 
Continuously variable w ithin each 
range. 
Accuracy : 5% at ex1remi1ies of scale: 
10% at intermediate points. 

Main pu lse delayed with respect to 
prepulse by Delay control setting plus 
lixed delay of ( typically) 50 nsec. 

First leading edge delayed w ith respect 
10 prepulse by fixed time of (typically) 
50nsec. 
Second leading edge delayed wi1h 
respect 10 lirst leading edge by Deloy 
con trol setting. 
Minimum delay .200 nsec. 

TF 2010 

del ivers a positive or negative pre-pulse from a separate socket. 
In the single-pulse mode, the delay between the pre-pulse and 
the main output pulse is continuously variable from 0· 1 ·µsec 
to 10 msec. In the double-pulse mode, however, the delay 
between the pre-pulse and the first leading edge of the double 
pulse is fixed-nominally 'at 50 nsec, the variable delay con· 
t rols being utilised to determine the interval· between the 
leading edges of the double-pulse pair. 

Stability of operation is ensured by the use. of silicon semi· 
conductor devices throughout; and careful attention in the 
design has been given to ease of operation and serviceability. 
Each main control comprises a concentrically mounted range 
switch and continuously variable element, giving a high degree 
of discrimination with simpl icity of indication. 

The instrumen t is housed in an easily detachable case, the 
front and rear panels forming part of the main chassis. The 
unit is fitted with an adjustable stand, which can also be used 
as a carrying handle. 

PRE-PULSE 

Polarity Switch selected positive or negative 
(outputa.c. coupled). 

Amplitude 

Duration 

Output Impedance 

7·5 volts ± 2·5 volts e.m.f. 

Between 100 and 250 nsec. 

Not greater 1han 1 kn. 

TRIGGER SIGNALS 

M ode Selected by Frequency switch : 
Internal. €xtemal + or · .Manual. 

Internal Frequency : 2·5 Hz to 2·5 MHz in six 
decade ranges. Continuously variable 
within each range. 

Accuracy : 2·5 Hz to 25Hz. ± 15% : 
other ranges. 5% at extremities of scale. 
10% at intermediate points. 

Max. for double-pulse mode : 2 MHz. 

EX1ernal Frequency : d.c. to 2·5 MHz single-pulse. 
d.c. to 2 MHz double-pulse. 

Waveform : Sine. Square. Pulse. 

Ampli tude : 3 volts to SOvolls peak. 

Trigger Level : 3 volts posi tive or 
negative. 

Min. Pulse Width : 100 nsec. 

Input Impedance : approx. 1 Okn. 

. POWER REQUIREM ENTS 

DIMENSIONS AND WEIGHT 

100 10 125 volls and 200 to 250 vol1s. 
50 10 60 Hz. 35 VA. 

Heigh t Wid th Oeplh Weigh t 
4 in. 14:\o in. 1 o~ in. 12 lb . 

(10cm.) (36cm.) (27cm.) (5·5 kg.) 
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Attenuators 

0 Three models for a.f ./m.f. 

o Steps of 0·1 dB 

0 Steps of 1 dB 

AF Monitored Attenuator TF 2160 
The basis of these attenuators. TF 2160. TF 2161 and TF 21 62 is the 
resistive pad in tee or pi form. and the variety of facil ities available 
suits numerous applications. The three models employ the same 
basic attenuator sys tem. This comprises three sw itches. each with 
four symmetrical 600 0 T-pads which are switched in series com
binations to make one decade. and the three decades in series cover 
111 dB in 0·1 dB increments. nominallv up to 1 MHz. 

The TF 2160 combines the attenuators wi th a wide-range a.c. 
voltmeter and a high quality a.I. transformer so that accurate 
measurements can be made in the audio band. Without the trans
former in circuit the operating raf1ge extends up to 550 kHz. and 
w ithout the vo ltmeter to d.c. 

IM PEDAN CE 
Input 600 0 unbalanced. when termina~ed 

w11h 600 0. 150 0 or 75 0. Swi tched 
terminating resistor is incorporated. 

Output 600 0 unbalanced. or 600 O. 1 50 O or 
75 O balanced and centre- tapped when 
600 0 source is connected. 

FREQUENCY RANGE 
Unbalanced output D.C. to 550 kHz. 

Balanced outpu t 20 Hz to 20 kHz. 

ATTENUATION 

Range 

Maximum input 

Minimum auenuation 

Accuracy 

INPUT VOLTMETER 

0 to 111 dB in 0·1 dB steps. and a:> 

+30 dBm or 1 w an or 25 volts into 600 O. 
Less than 0·01 dB. 

Unboloncod outpur: ± 1 % of dB setting 
±0·01 dB, at d.c. ; ± 2% of dB selling 
±0·2 dB. at 550 kHz. 
Bolonced outputs: ± 1 % of dB se tting 
±0·2 dB. betw een 20 Hz and 20 kH z. 

Ranges Four sw itch positions selecting 1 ·5- 5-
15-25 volts f.s.d. or 0 dBm. +10 dBm. 
+20 dBm and +24 dBm. 

Meter Three scales: 0 to 1 ·5 and 0 to 5 volts. 
and -6 to +6 dBm. 

Accuracy ±5% of f.s.d . between 20 Hz and 550 kHz. 

OUTPUT FREQUENCY 
RESPONSE Within ±0·2 dB between 20 Hz and 20 

kHz; within ±1 dB between 20 Hz and 
550 kHz: wi th constant input voltmeter 
reading. 

POWER REQUIREMENTS 

Internal batteries 

DIMENSIONS AND 
WEIGHT 
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8 volts d.c .. 2 mA. 

Height Width 
7 in 5 in 

19·5 cm 14·5 cm 

Depth 
10in 
27 cm 

Weight 
18 lb 

8·2 kg 



TF 2160 Series 

MF Monito red Attenuator TF 2161 

- fl -The TF 2161 also has the a.c. voltmeter. but incorporates an imped
ance-changing pad for 75 Q in place of the transformer. and is 
usable w ith monitored levels over full frequency range of the 
voltmeter. or at d.c. without the voltmeter. 

IMPEDANCE 
Input 600 0 unbalanced. when terminated 

w ith 600 0 or 75 0 . Switched terminating 
resistors are incorporated. 

Output 600 0 or 75 0 unbalanced. when 600 O 
source is connected. 

FREQUENCY RANGE D.C. to 550 kH z. 

ATTENUATION 
Range 600 O output: 0 to 111 dB in 0·1 dB 

steps and co 
75 0 outpu t: 17 to 128 dB i n 0·1 dB 
steps. and co 

Maximum input + 30 dBm or 1 w att or 25 volts into 600 O 

Minimum attenuation 600 0 output: Less than 0·01 dB. 
75 0 Outpu1: 17 dB ± 0·2 dB. 

INPUT VOLTMETER 

Accuracy ±1% of dB scuing ± 0·01 dB. at d.c. 
± 2% of dB sening ± 0·2 dB. at 550 kHz. 

Ranges Four switch positions. selecting 1 ·5-
5- 15- 25 volts l.s.d. or 0 dBm. + 10 dBm. 
+ 20 dBm. and + 24 dBm. 

Meter Three scales. 0 to 1 ·5 and 0 to 5 volts. 
and - 6 to + 6 dBm. 

Accuracy ± 5% of l.s.d. between 20 Hz and 550 kHz. 

OUTPUT FREQUENCY 
RESPONSE Within ±0·2 dB between 20 Hz and 

20 kHz; w ithin ± 1 dB between 20 Hz 
and 550 kHz: w ith constant input 
voltmeter reading. 

POWER REQUIREMENTS 

Internal batteries 8 volts d.c .. 2 mA. 

DIMENSIONS AND 
WEIGHT 

Heigh t Width 
7 in 5 in 

19·5 cm 14·5 cm 

Depth 
10 in 
27 cm 

Weight 
10 1b 
4·5 kg 

MF AttenuatorTF 2162 

The TF 2162 employs only the three decade sw itches. and has an 
internal terminating resistor for use when working into high 
impedance loads. 

IMPEDANCE 
Input 600 O unbalanced. when terminated 

w ith 600 0. 
Switched terminating resistor is 
incorporated. 

Output 600 O unbalanced, when 600 O source 
is connected. 

FREQUENCY RANGE D.C. to 1 MHz. 

ATTENUATION 

Range 

Maximum input 

Minimum attenuation 

Accuracy 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 

Supplied 

0 to 111 dB in 0·1 dB steps. and co 
+ 30 dBm or 1 wa tt or 25 volts into 600 o. 
Less than 0·0 1 dB. 

± 1% of dB selling ±0·01 dB. at d.c. 
± 2% of dB setting ±0·2 d B. at 1 MHz. 

Height Width 
7 in 5 in 

19·5 cm 14·5 cm 

Depth 
10 in 
27 cm 

Weight 
6 lb 

2·8 kg 

Shielded Adapter. type TB 39868. 
Coaxial Free Plug. type L 1465/ FP/ Ag. 

Optional TM 7010 Rack -mounting Case. 
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Oscillator Accessories 

Connecting Cables 

TYPE No. DESCRIPTION 

TM 4726/136 75 O Coaxial Lead. 36 in long with BNC plug 
at each end. 

TM 4969 Coaxial Cable. 42 in long with BNC plug at 
each end. t=D--... TM 4969/1 Coaxial Cable, 72 in long with BNC plug at 
each end. 

BNC Plugs 

Shielded Adapter 

TB 39868 Mates with output terminals of oscillators and 
signal sources in the TF 2000 series to provide 
a BNC socket connection. 

Matching Transformer 

TM 6221 600 O unbalanced input: 600, 200. and 150 o 
balanced output. 
Input connectors: BNC plug 
Output cQnnectors: Spring terminals 

Attenuator Pad 

TM 6454 X100 Attenuator Pad. 
Impedance: Input: 75 o 

Output: 75 O and 5 0 
BNc· input and output connectors. 
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SUITABLE FOR 

Output connection from 
TF 1370A. Can also be used in 
conjunction with Shielded 
Adapter TB 39868 for TF 2000 
series instruments. 

Can be used in conjunction 
with Shielded Adapter 
TB 39868 for TF 2000 
series instruments. 

TF 1370A 
TF 11 01 

TF 1370A 



II 

Cl 
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Voltage and Power Meters 

Electronic Voltmeters 
Electronic voltmeters come in two basic forms. which may 
be classified as a.c. amplifier types and d.c. amplifier types. 

In the a.c. amplifier form. the voltage to be measured is 
applied directly to the input terminals of a wide-band 
gain -stabilised amplifier. whose output is rectified and 
applied to a moving coil meter. In the d.c. amplifier form. 
the input voltage is appl ied directly to a diode detector. 
and the resulting d.c. is amplified and monitored. 

It is generally accepted that the a.c. amplifier type is 
usually the more sensitive of the two. but the usable 
frequency range is restricted by the amplifier bandwidth. 

The d.c. amplifier configuration permits voltage measure
ment up to frequencies approaching the resonance of the 
diode unit. Sensitivity. however. is restricted by the 
linearity of the diode and the stability of the d.c. amplifier. 
The first of these limitations is relieved considerably by 
the use of semiconductor diodes. which maintain their low 
forward resistance down to very small voltage levels. High 
gain d.c. amplification is obtained by the use of an a.c. 
coupled amplifier in conjunction with a chopper and 
synchronous detector. This system is used in the TF 2603 
R.F. Millivoltmeter. achieving a sensitivity comparable 
with that of the a.c. amplifier types. but at frequenCies 
from 50 kHz to 1 ·5 GHz. 

Diode Detectors 
The types of detector used in electronic voltmeters 

normally deliver a d.c. output which is proportional to 
either the half-cycle average voltage or the peak voltage of 
the a.c. input. 

Average Voltage Detectors The basic form of an 
average-voltage detector is shown in Fig. 1. Diode D, 
conducts during positive part of the cycle only, and 
providing the value of R1 is high compared with the 
forward resistance of the diode. the voltage waveform 
appearing across R 1 must be a facsimile of the positive 
part of the input waveform. 

+ 

Fig. 1 Average Derecror. 

Vout 
(d.tl 

The d.c. component of this waveform is the average 
voltage of the positive portion of the cycle multiplied by 
the fraction of complete cycle that it occupies. This 
fraction would. of course. be half for a symmetrical input 
waveform such as a sine wave; and the terms positive or 
negative half cycle are usually used regardless of the 
symmetry of the waveform. 

+ 

Fig. 2 Meter Rectifier. 

Moving-coil 
meter 
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The most common form of average detector in electronic 
instruments is the bridge rectifier connected directly to 
the meter. as shown in Fig . 2. Here the meter resistance 
takes the place of R, and the full-wave rectifier conducts 
during both the positive arid the negative half cycle. The 
system is current (not voltag'e) sensitive. and the d.c. level 
is thus equal to the sum of average currents in the two 
half cycles. It is perhaps an academic point that this is 
not the same as the mean current (or voltage) over the 
whole cycle. which must be equal to zero in a purely a.c. 
waveform. As the moving coil meter responds only to the 
d.c. component. there is no need for any additional 
filtering. 

Fig. 3 Peak De1ec10r (series configuration). 

Peak Voltage Detectors. Fig. 3 shows the basic form of 
a series-diode peak voltage detector. For efficient opera
tion it is essential that the time constant T = C1 R1 is 
high compared with the a.c. waveform period. When the 
input voltage initially goes positive D conducts, and C1 is 
charged to the positive peak potential. As soon as the 
input voltage begins to decrease the diode cuts off. 
and remains in the non-conducting condition until the 
input voltage again approaches its positive peak value 
on the next cycle. 

By this time a small fraction of the charge on C1 will 
have leaked away via R1, so that the voltage across C1 
will be less than Vpeak by Vpeak e-t/T. Immediately the 
rising input VOitage reaches this value (Vpeak (1-e-t/T)) 
the diode will conduct, and capacitor C1 will again charge 
to the positive peak voltage. So, providing the leakage 
between positive peaks is small. Vout will be very nearly 
equal to the positive peak voltage. 

The rearrangement of the detector circuit in Fig. 4. is 
really nothing more than the transfer of R, to a position in 
parallel with the diode. If the mean voltage at the input is 
zero, the voltage across the diode must be equal to the 
voltage across the capacitor, so that Vout may be taken 
across either. 

Fig. 4 Peak Detector (parallel configuration). 

In the configuration of Fig. 4 the diode conducts 
initially when the input voltage goes negative. and C1 
charges to the negative peak voltage. Immediately the 
input voltage begins to go positive the diode cuts off so 
that the voltage across R1 is equal to the instantaneous 
input voltage plus a d.c. voltage equal to the negative 
peak of the a.c. A voltage waveform thus appears across 



R1 comprising the input waveform with an added d.c . 
component equal to the negative peak voltage but 
inverted to give a positive voltage output. The a.c. 
component of this waveform is f iltered out by the subse
quent circuitry. 

As d.c. amplifier type electronic voltmeters normal ly 
employ peak detectors as the input circuits. the input 
resistance of this form of detector assumes added impor
tance. Owing to the high frequency application of this 
type of vp ltmeter it is usual to define the input· resistance 
as Vr.m.s./lr.m.s .. wh ich is t he effective load ing that the 
voltmeter presents to a t uned circu it. The specified input 
resistances of M.I. voltmeters TF 2604 and TF 2603 con
form to this definition. 

Theoretica lly. with the series circu it this resistance is 
equa l to Ri/2 if it is assumed that Vout (d .c.) is equal to 
Vin (peak) . It can be reasoned that. if the d.c. voltage 
developed across Ri of Fig. 3 is equal to the peak a.c. 
input voltage. the power in R1 is equal to v~ •• k I Ri. 
Thi s is the power drawn from the source. and must. 
t herefore. be equa l to v ;.m,,./Rin. For a sinewave V~.k = 
2V!.m.s.• SO that Rin. = Ri/2. 

With the arrangement shown in Fig. 4. however. R1 is 
also connected directly across the source so that a.c. 
power is also dissipated in this resistor. This is equ ivalent 
to connecting the value of Ri in paral lel with the input 
resistance as derived for Fig. 3. So the effective input 
resistance of Fig . 4. is t heoretically Ri/3. 

Nevertheless. the parallel -diode configuration is by 
far the more su itable for use with electronic voltmeters 
because the d.c. discharge path is independent o·f · t he 
source. and the detector is not aff ected by a d.c. compo 
nent in the inpu t voltage. In practice the value of Ri can 
be made suffic iently high to give a low-frequency input 
resistance of several megohms; but. as the frequency is 
inc reased. absorption paths in the diode probe unit 
reduce the effective input impedance considerably. 

The above reasoning is valid for the practical case of 
measurement across tuned circuits ; but w hen the volt
meter is connected across a resist ive source the input 
resistance. as it affects the measurement. must be assessed 
rather differently. Assuming the sou rce to be an e.m.f .. E. 
in series with resistance Rs. th e effective input resistance 
would be derived from the expression 

Vind. = E. Rini ( R;n + Rs) 
where Rin is the effective input resis tance. Rs is the source 
resistance. Vind. is the indicated voltage. and E is the 

source e.m.f.. so that Rin = E/V;~:. _ l. 

The indicated voltage is less than the peak e.m.f. by the 
p.d . across t he source resistance and the forward resistance 
of the diode during the charging time of capacitor C1. 
This charging time covers a part of the cycle very nearly 
symmetrica l about the peak voltage. and it can be defined 
in angular terms as ± e. so that Vind. = E.cos e. and 
Vind.IE = cos e. 

But 8 is dependent on the ratio between t he total 
source resistance (includ ing t he diode) and the load 
resistance ( R,) as given in the following expression 

Rs tan e - e 
R,= rr 

As R, is li kely to be several megohms the source 
resistance for significant error would normally be high 
enough to make the diode resistance negligible. and the 
effective input resistance is therefore a non- linear function 
of the source resistance. It has been shown by Scroggy 
(Wireless Engineer Feb. 1955) t hat for a 2% error due to 
the resistance of the source under test. the ratio Rs/R1 
shou ld not exceed 0.001 . A ratio of 0.01 would give 
about 10% error. and a ratio of 0.1 would give about 
40% error. 

In this context the value of Ri can be taken as rough ly 
th ree times the specified low frequency input resistance. 
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R.M .S. Voltage and Mean Pow er 

A ll Marcon i Instruments vo ltmeters are scaled in terms 
of r.m.s. voltage assuming a sinusoidal input waveform. 
When distortion is present there wi ll be a theoretical error. 
For low-order harmon ics up to about 10% distortion factor 
the error introduced in an average -voltage detector (as 
used in TF 2600) is less than the normal accu racy claims 
of the voltmeter. With peak-vol tage detectors t he error 
depends on the relative pl1ase of the fundamental and the 
harmonics. Maximum error occurs when the peaks of the 
harmonics coincide w ith the peaks of the fundamental ; 
and the magn itude of the error is then roughly equal to the 
distortion fact or when th is does not exceed 10%. 

The instantaneous power dissipated in a load is pro
portional to the square. of the instantaneous current or 
voltage; i.e .. V2/R or l2R So the power is always positive 
and varies from zero to its peak va lue and back to zero 
once every half cycle of the voltage or cu rrent waveform. 
The average or mean power over each complete cycle of 
t he voltage or current waveform is obviously half the 
sum of the mean powers in the two half cycles; and. if the 
waveform is symmetrical (e.g .. a sinewave). the mean 
power is. of cou rse. equal to that in a single half cycle. 

Divid ing or mu ltiplying th is mean power by the load 
resistar)ce gives the square of the effective curre nt o r 
voltage respectively ; i.e .. the mean square current o r 
voltage. So the effective curren t or voltage is the square 
root of t his rnean value. Hence the abbreviation r.m.s .. for 
ROOT of the MEAN of the SQUARE. 

It is clear then that the in itials r.m.s. are appl icable only 
to vol tage or current. and that to w ri te or speak of r.m.s. 
power or so many watts r.m.s. is pure nonsense. 

Figure 5 shows the principle applied to a sine wave. 
The V2 curve takes the form of a cosi ne w ave in which 
zero corresponds to the negJtive peaks. It is. in fact. a sin2 

curve. for sin2e = ~ (1 - cos28). It is obvious from 
inspection that the mean value of V2 is equal to 1 / 2 (i .e .. 
half the peak-to-peak value). because the portion of the 
waveform below this level is an exact facsimile of the 
portion above it. Thus the r.m.s. value of a sine w ave 
voltage of current i::, v'172 times its peak va lue; i.e .. 
Epeak or lpcak X 0 ·707. 

V2peak 

V2 curve 
MEAN LEVEL 
V2 peak/2 

ZERO I I I I 
0 

I ' ' I + Vpeak 

ZERO. 0 

V curve 
- Vpeak 

fig. 5 Sinewave voltage and power w aveforms. 

R.F. Power Measurement 
For accurate assessment of a transmitter's output 

power it is necessary. not on ly to monitor t he actual 
power being delivered. but also to load the transmitter's 
output circu it correctly. The absorption type power meter 
fulfils both of these requirements. and is t he genera lly 
accepted measuring instrument for testing and setting up 
transmitter output sta~es. 



Providing the loading is truly resistive. the dissipation 
can be determined accurately by measurement of the 
current in the load or the voltage across the whole or part 
of the load. In order to avoid errors when measuring 
non-sinusoidal waveforms it is. obviously. important to 
monitor the voltage or current with a true r.m.s. indicator, 
such as the thermocouple system used in M .I. r.f. power 
meters. This type of monitor indicates true mean power. 
independent of waveform or frequency up to the high 
frequency limit of the instrument. 

On early power meters the thermocouple unit used was 
a conventional vacuo · junction, which is a satisfactory 
r:f. to d.c. conversion unit in most ways. but has the 
disadvantages that its shape and dimensions preclude 
its use directly in a coaxial system, and the inductance of 
its heater (albeit small) is sufficient to cause irregularities 
in the meter response with frequency. It is c learly impos· 
sible to include the vacuo-junction type of thermocouple in 
the main r.f. current path. So it was connected as a 
voltage monitor across a small part of the resistive r.f. 
load. as shown in Fig. 6(a). 

R.F. in 

LOAD 
MC. METER 

FIG 6 (a) 

With the introduction of new techniques and materials. 
a new generation of r.f. power meters has been developed 
utili sing a coaxial thermocouple unit whose heater 
element forms part of the input feeder to the r.f. load as 
shown in Fig. 6(b). With this improved design the 
characteristic impedance of the input feeder is sensibly free 
from discontinuity. so that negligible resonance effects 
occur and a good v.s.w.r. is maintained at al l frequencies 
up to 1 GHz. 

FIG 6(b) 

COAXIAL 
THERMOCOUPLE 

LOAD 

These new pow er meters also employ load resistor 
units of sophisticated design, which permits high dissi
pation with smal l physical dimensions. 

Transmitter Power Measurement. The mean power of an 
amplitude modulated signal is a function of modulation 
depth and also of the modulation waveform. From a 
knowledge of the power in the carrier. however, the 
output power in all modulated conditions is easily cal
culable. So it is normal to measure the output power of an 
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a.m. transmitter in the unmodulated condition. will1 
possible additional checks with sinewave modulation 
at known depth (see Useful Data, Power Methods of 
A.M. Depth Measurement). 

Such procedure is not possible with single sideband 
transmitters for the obvious reason that w ithout modu-. 
lation the output pow er is zero. If the output level were 
limited entirely by voltage overload the maximum power 
output would be that resulting from single tone modu
lation at the maximum peak amplitude obtainable without 
distortion. In some cases. however, this continuous power 
level would overload the transmitter's output stages. and 
the limiting level is difficult to determine, even when the 
r.f. sideband waveform is examined, because the dis
tortion components are filtered by the tuned output 
circuit. 

Power output of an s.s.b. transmitter is. therefore. 
usually measured using a two tone modulating signa l, 
giving an output waveform as shown in Fig 7(a). 
Limiting is clearly evident from an oscilloscope display. 
the shape of the envelope becoming distorted as shown 
in Fig. 7(b). 

FIG 7(a) 

FIG 7( b) 

The mean r.f. power at the envelope peak is, of course 
equal to the mean power of a single-tone modulation 
signal having the same peak amplitude. This power level 
is known as the peak-envelope power (p.e.p.). which 
is the standard method of expressing power output of an 
s.s.b. t'ransmitter. 

To assess the p.e.p .. the mean power output is measured 
using a modulating signal comprising two equal ampli
tude sinewaves-usually 400 Hz and 1 kHz. This measured 
power is equal to half the p.e.p. 



A.C. Electronic Voltmeters 
A.C. Voltage Rack 

Title and Type Number Range Frequency Range Mounting Kit Pages 
Sensitive Valve Voltmeter TF 2600 1 00 11.V to 300 volts 10 Hz to 5 MHz TM 7010/1 M1 60-61 
R.F. Electronic Millivoltmeter TF 2603 300 µV to 3 volts 50 Hz to 1·5 GHz 62-65 
Electronic Voltmeter TF 2604 25 mV to 300 volts 20 Hz to 1 ·5 GHz TM 7010/3M1 66- 69 
A.F. Power Meter TF 2500 1 ·5 to 150 volts 20 Hz to 1 MHz TM 7010 78-79 

D.C. Voltmeters 
D.C. Voltage Rack 

Title and Type Number Range Special Facilities Mounting Kit Pages 
Electronic Voltmeter TF 2604 10 mV to 1 kV A.C. Measurement TM 7010/3M1 66- 69 

n Measurement 
Differential D.C. Voltmeter TF 2606 0 to 1 ·1 kV Potentiometric TM 7010 70-71 

Measurement 
Digital Voltmeter SM 523 0 ·to 1 ·2 kV Fully programmable 74- 75 

Digital Voltmeter TF 2660 1 mV to 1 kV 72-73 

·Power Meters 
Rack 

Title and Type Number Power Range Frequency Range Mounting Kit Pages 
A.F. Power Meter TF 893A 0·1 mW to 10 watts 20 Hz to 35 kH z 76- 77 
A.F. Power Meter TF 2500 10 µW to 25 watts 20 Hz to 35 kHz TM 7010 78- 79 
R.F. Power Meter TF 2501 0 to 3 watts D.C. to 1 GHz 80 
R.F. Power Meter TF 2502 0 to 10 watts O.C. to 1 GHz 81 
R.F. Power Meter TF 2503~ 0 to 100 watts D.C. to 1 GHz 82 
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S ensitive Valve Voltmeter 

D Twelve ranges: 1 mV to 300 volts f.s.d. 
D Accuracy ± 1 % up to 500 kHz 

D Wide-band amplification up to 10 MHz 

SENSITIVE VAi.VE VOLTMrn~ 

ftang• 

dBm ... v v <8'11 

·IO 300 0 

·'20 ) •10 

·30 JO )= 10 · '20 

• 40 10 )0 •30 

·SO ) - IOO •40 

·60 300 ·50 

Input 

IJ~ 
Output 
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At the more commonly used frequencies in its range, 
voltage measurements are made with errors of less than 
1 % of full scale deflect ion with the aid of this voltmeter, 
and sufficient accuracy for many purposes is ma intained 
up to 5 M Hz or higher. 

A four-stage amplifier operates at fixed gain. with the 
t ime constants of the successive inter-stage coupling and 
cathode bias circuits 'staggered', and compensa ted 
overall negative feed -back is appl ied via the meter rectifier 
system. so that a flat frequency response is mainta ined 
into the video range. The input signals pass either through 
a 1 :1.000 vol tage divider w hich is compensated for fre
quency and temperature, or directly, to a cathode follower 
stage w hose cathode resistor is tapped so as to act as a 
second voltage divider. The two attenuators are selected 
by a single rotary switch. and the input to the cathode 
follower is limited to 300 mV, while that to the main 

Measurement range 100 µVto 300 voltsa.c .. 10 Hz to 

A.C. VOLTAGE 

5 MHz. or up co 10 MHz uncal ibrated, 
as detailed below. 

Twelve ranges 1- 3-10- 30- 100-300 mV, and 
1- 3- 10- 30- 100-300 volts f.s .d. 

Accuracy and frequency 
response at 20°C ±1% of f.s .d. between 50 Hz and 

500 kHz. 
±2% off s.d. between 20 Hz and 
50 Hzandbetween 500kHzand l MHz. 
:!: 3% of f.s.d. berween 1 and 2 MHz. 
:!: 5% o f f.s.d. between 10 and 20 Hz. 
and between 2 and 5 M Hz. 
Temperature coefficient: 2 x1 o-•r c. 
up to 50°C (maximum ambient) . 

Stability Between 50 Hz and 500 kHz the 
meter reading varies by less than 
±0·2% for a change of:!: 10% in mains 
voltage. Additional error of less than 
:!: 1 % of f.s.d. when input frequency 
is close to mains supply frequency. 

Level (In 600 0 impedance). Twelve 
ranges between - 72 and + 52 dBm 
in 10 dBm steps. 

Input conditions V ranges: 10 MO with 16 pF in shunt. 
mV ranges: 10 MO with 30 pi= in 
shunt. 

Meter Two voltage scales: 0 to 1 (100 
divisions of 0 ·01): 0 to 3 (60 
divisions of 0·05). 

TF2600 

amplifier does not exceed 1 mV, during measurements. 
The last stage of the amplifier feeds the signal to the 

meter from its anode. but also acts as a cathode follower 
output stage for a separate output so that the instrument 
can be used as a wide-qand amplifier up to 10 M Hz with 
a maximum overall gain of 1 50. i.e .. an output of 150 mV 
corresponds to fu ll scale deflection on the meter. 
Neither damage to the instrument nor w aveform limit ing 
occur if 100% overlo(ld is applied. 

The 5-inch meter has an anti -parallax mirror, and a 
dBm scale as well as the two voltage scales, w hile the 
switch clearly indicates the multiplying factor. 

Voltage or level measurements are made with remark
able ease and accuracy, and numerous applications w ill 
also be found for the instrument as a comparator. 
indicator, detector or pre-ampl ifier. 

Wideband amplifier 

POWER 
REOUfREMENTS 

A.C. mains 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Optional 

dBm scale: - 12 to +2 (14 divisions 
of 1 dBm) . 
Calibration: In terms of r.m.s. value of 
a sine-wave. but responding to 
average value. 

Frequency range: 10 Hz to 10 MHz. 
(The response is approximately 
- 6· dB at 10 MHz) 
Output: With the meter reading f.s.d. 
the output is 150 mV; maximum 
ouipuis up to 300 mV can be obtained. 

Outpuc impedance: 50 0 . 

200 to 250 volts and 100 to 130 
volts, 40 to 60 Hz, 75 watts. 

Height 
8 in 

20 cm 

Width Depth W eight 
11 ~ in 10t in 1 5 lb 
29 cm 27 cm 7 kg 

TM 8120/1 Probe Lead 
A low-capacitance coaxial cable 
assembly 42 ins. long with a test 
prod. It has a distributed shunt 
capacitance of approximately 35 pF. 

TB 39868 (GE 51002) Screened Adapter 
This plugs into t he input terminals 
and has a BNC socket to w hich 
the Probe Lead may be connected. 

TB 39867 (GE 51001) As above but w ith a Type 83 socket. 
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R . F. Electronic Mill ivoltmeter 

D Wide frequency range 50 kHz-1500 MHz 

D High sensitivity: from 300 µ V 

0 All sol id state ensuring re liability 

. :11& 
' supply r-

----m\I rv" 
I l 10 30 100 )00 I 1 

:~f?/' 
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The TF 2603 is a highly sensi tive. precision mdl1voltmeter for use at 
frequencies between 50 kHz and 1500 MHz. Reliability and freedom 
from microphony are assured by the use of semi-conductors through· 
out. Inheren t noise within the instrument is low. enabling voltage 
measurements down to 300 µV r.m.s. to be made. 

The basic configuration consists of a detector. located in a probe 
head. from which the d.c output is passed via a balanced attenuator 
to an electro-mechanical chopper. The resultant 100 Hz square wave 
1s then amplif ied and rec t1f1ed to produce the d.c. required to drive 
the meter Access to test poinis 1n closely packed circuits is eased by 
the small d iameter o f the detector probe-only t inch. Ful l -wave 
cleLoction. using a pair of gold bonded diodes. gives minimum errors 
when dealing w ith signals con ta in ing asymmetric w aveforms or noise. 
A spring-loaded earthing spike faci litates low-inductance connec tion 
for measurements at high frequencies. 

To achieve the low inherent noise level peculiar to the insirument a 
number of precautions have been taken. These include the use of a 
balanced output from the detector c1rcu11. a 100 Hz chopper of the 
electro-mechanical variety, and low noise transistors in the narrow 
band a c . amplifier. The choice of a synchronous detector not only 
cl1scrim1nates against noise but retains polarity sense. This means thal 
on tho most sensitive ranges. any inherent noise wi ll only show as a 
small di th or about the mechanical zero mark 

Front panel controls have been reduced to two: a range switch and 
balance contro l. The latter 1s used only to balance out residual micro
volts o f d .c. developed 1n the instrument. and wi ll have maximum 
effect on the 1 mV range. with no signi fi cant effect on the 30 mV 
range and above. A meter voltage scale. five inches long. gives good 
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TF2603 

reso lution and is virtually linear. Adjacent to the voltage scale there is 
a dB scale. the O dB coinciding w ith fu ll scale deflect ion. The 1 mV 
range is an exception. being 3il in. long and square law: and the dB 
scale does not apply. 

Only one supply rail is used. stabilised by means of a well-tried 
conventional series regulator circuit. Provision for external battery 
operation is included for poriab1l11y. and condi tions where accurate 
voltage measurement is difficult due to earth loops. Any battery 
supplying a voltage o f 18 to 32 vol ts may be used; e.g .. five PPB 
batteries giving 120 hours at 4 hours per day rate. 

Among the many tasks that this instrL1ment can perform are: 

(a) The search for spurious osci llations at frequencies between 1 and 
1500 MHz in wide band video multi -s tage amplifiers-carried out 
using a loop connected to the probe and holding it near to each 
part of the circuit 1n turn. 

(b) Accurate measurement of noise. made possible by ihe response of 
the probe being almost true r.m.s for inputs less than 30 mV
extending to 3 volts by the add1t1on of the 100 :1 multiplier 
TM 7947. 

(c) Testing o f fi lter frequency responses. part icularly in the stop band 
- achieved w nhout excessive voltage requirements from the 
signal generator. 

(d) Measurements o f transistor parameters- for instance fr in tho 
500-1500 MHz range. 

(e) M easurement of distortion over a wide frequency range. 

( f) Measurement on battery-operated equipment at locations remote 
from mains supply. 
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FREQUENCY RANGE 

ACCURACY 

FREQUENCY/RESPONSE 
CHARACTERISTIC 

METER SCALES 
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FREQUENCY 

1 mV r.m.s. to 3 volts r.m.s on 8 ranges. 
Maxtmum · input 8 volls r.m.s. Probe will 
withstand up to 300 volts d.c. 

50 kHz to 1500 MHz. 

10 mV and higher ranges: ± 3% oi f.s.d. 
3 mVrange: :::5%of f.s d 
I mVrange: ::.53off.s.d 
200 kHz to 50 MHz. 
(From 1 a•c to 2B°C.) 

With respect 10 200 kHz: 
50 kHz 10 200 kHz : +O. -0·4 dB. 
50 MHz to 200 MHz : ± 0·4 dB. 
200MHz 10 900MHz :±1 ·0 dB. 
900 MHz to 1500 MHz : ± 2·0dB. 

0 to 3. and 0 lo 10 vi rtLtally linear. 5 
inches long. Cahbratccl m 1ho r.m.s. va lue 
o f a s1new3vc. Special scale for 1 mV 
r3nge. Decibel sca le 0 10 -11 dB. O dB 
al fu ll scale. Range swi1ch in 1 O dB steps 
dB sca le not applicable 10 1 mV range. 
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INPUT IMPEDANCE 

POWER REQUIREMENTS 

Input resisu;nce: > 1 SOko at 1 MHz and 
1 voltr.m.s. 

fnputcaP1Jcitance: < 2·5 pf at 1 MHz and 
1 voltr.m.s. 

A.C. Mains 19~265 vohs. or 95-132 volts. 45-500 
Hz (a;so 5~ 1.000 Hz at :: 10% on 230 
volts) . Power. 6wa11s. 

External O.C. 18 volts minimum, 32 vol1s maximum. 

DIMENSIONS ANO WEIGHT 

Current: 130 mA (hea1er on) . 55 mA 
(hea1eroff) . 
,Supply to be floa1ing ; i.e .. neither side 
oanhed. 

Height 
8 in 

20cm 

Width 
11!, in 
29 cm 

Depth 
11 in 
28cm 

Weight 
1 9~ lb 

8·75 kg 
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Accessories 

SUPPLIED 

OPTIONAL 

l'M 7936 Earthing Clip 

TB 46843 Ear1hing Sleeve 

TM 7947 100:1 Mul1iplier 

100 :1 capac111ve divider giving 100 mV 
f.s.d. to 300 volt~ f.s.d .. 1n S ranoes aver 
fr oquoncv range 500 kHz ta 500 MHz. 
Accumcy ( wit/1 respect to ex,1c1 I 00: I 
ratio): 
0·5- 20 MHz : .10·1 d B. 
20-IOOMHz : ±0·3dB. 
100- 300 MHz: ±0·7 dB. 
300- 500MHz : ±1 ·5 d B. 

l npr11 impedance: 
Ros1stonce :>20M n at l MHz.>1 Mo 

at 50 MHz. > 150 k at 300 MHz. 
Ca1>acitance: < 2·5 pf. 

M nximum 111pu1: 
300 volts r.m.s. up to 100 MHz. Above 
100 MHl. max. r.m.s. voltage is: 

voltogo 3 x 1 OG f2 
whore f is in MHz. 

Peak a c plus d.c. sha!I not exceed 
1.000 volts. 

TM 7960 Accessory Case 

TM 7948 Coax la I " T" Connector 

V.S.W.R. not greater than 1 ·2 :1 at 1500 
MH7 when tcrrnina1ed in 50n and 
TF 2603 probe plugged in side entry. 
When using this connector. the accuracy 
and lroquoncy response figures given 
ea1lior apply 10 voltage across a SO P. 
load. 

TM 7949 Adapter type ' 'N". 1errninated 

Allows voltage measu1emen1 across 
load moun1ed ir. son type "N" plug. 
Maximum power input. i W. V.S.W.R. 
when mounted on TF 2603 probe : 
maximum of 1 · 1 : 1. 50 kHz-500 MHz; 
maximum of 1 ·2 :1. 500 MHz-900 MHz. 

TM 7950 Adaptcr. lype "N" . un1ermina1ed 

son type "N" adap1er. as above. but 
w1thou1 50n load. 

TM 7967 50 n load,; W. 
Load mounted in type "N" plug. 
V.S.W.R. not grea ter than 1 ·05 :1. 
d.c - 1500MHz. 

TF2603 

I 

] 
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Electronic Voltmeter 

D Excellent Zero Stabil ity 

D Seven a.c. ranges : 300 mV to 300 volts fu ll scale, 
20 Hz to 1500 MHz 

0 Input capacitance : 1·5 pF 

D Eight d.c. ranges : 300 mV to 1 kV fu ll scale 

D Multipliers for up to 2 kV a.c. and 30 kV d.c. 

r ·~~~- .=l 
DC + 

L CZ 

Supply Of 0 e ~ fF •• " .... '.!. 
~ 
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The TF 2604 is an electronic voltmeter combining 
versatility with high accuracy and extremely good stability. 
It allows for precision measurements to be made within 
the range of 20 Hz to 1500 MHz with fu rther facilities 
included for measuring a w ide range of d.c. voltages and 
resistance. 

The major variant affecting the reading stability of a valve 
voltmeter is its power supply. So it is not su rprising that 
the greater emphasis was placed on this aspect through 
out the design stages of the TF 2604. Thus the good read 
ing stability inherent in this instrument is realised by the 
full stabilisation of valve hf?aters and the h.t. line; using a 
series valve circuit for the h.t. ; and a transistor circu it 
controll ed by a zener diode for the 1.t. supply. This means 
that changes in the mains supply voltage by as much as 
10% will cause a deflection change of less than 4 mV at 
full scale on all ranges. 

Voltmeter Circuit 
A well proven push -pull circuit is used to drive the meter. 

each half of the push-pull circuit consisting of a valve 
amplifier and cathode follower. To ensure that the accuracy 
is relatively independent of valve selection, the amplifier 
has a high loop gain with a large amount of negative 
feedback. The meter is protected from gross overload on 
the most sensitive ranges. and the effects of meter tem
perature coefficient are offset by a series thermistor. Both 
a.c. and d.c. inputs are isolated from the voltmeter chassis 
by 50 Mn. 

A.C. Meas.urements 
The probe used for a.c. measurements houses a disk-sea l 

diode rectifier of an advanced type. A low capacitance of 
only 1 ·5 pf. short transit time. and a 3000 MHz resonance 
frequency. together with a unique probe head design. 
make possible the frequency response of up to 1 500 MHz. 
Small and cylindrical. this lightweight probe has been 
designed for easy handling. 
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A special plug -on ground connector is also supplied to 
facilitate the making of the ultra-short connection necessary 
at the higher frequencies. The high stabi lity circuits com 
bined with the special diode enable a wide range of voltages 
to be measured; down to 25 mV on the most sensitive 
range. and up to 300 volts on the highest range. An a.c. 
multiplier probe TM 5032 is available as an optional extra 
to extend the range to 2 kV r.m.s. at frequencies of 10 kHz 
and above. 

D.C. Measurements 
Volts and ohms measurement is simplified by the special 

dual purpose d.c. probe with its fing er-tip v;n selector; 
set to V. an isolating resi stor is introduced to sl1 ield the 
circu it under t est from the effects of probe lead capaci
tance. For d.c. measurements the meter can be switched 
to give forward deflection with positive or negative volt
ages; for centre zero measurements. such as the precise 
determination of the null point in bridges or discriminators. 
a standing d.c. current is applied to bias the meter to mid 
scale. 

O.C. Measurements as low as 10 mV and as high as 1000 
volts can be made. the input resistance being 100 Mn. 
By using the optional d.c. multiplier type TM 5033A the 
higher limit can be extended to 30 kV. with an input resist
ance of 3000 Mn. 

Resistance Measurements 
The d.c. supply for resistance measurement is derived 

from a stabilised l.t . supply. obviating the need for bat
teries. A common zero control is included to standardise 
at infini ty ohms befo re connecting the unknown resistor. 

Four optional accessories still further increase the useful
ness of the TF 2604. High voltages up to 30 kV d.c. and 
2 kV a.c. can be measured w ith plug -on d.c. and a.c. 
multipliers. For measuring voltages on a coaxial line. there 
is a plug-on T-connector for the a.c. probe; an accurately 
matched 50-ohm coaxial terminating load is also available. 
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TYPICAL FREQU ENCY CHARACTER ISTICS OF AC PROBE AT 600 mV 
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FREQUENCY, Hz 

A.C. MEASUREMENTS 
Ranges 

Accuracy 

Frequency responso 

Input conditions 

D.C. MEASUREMENTS 
Rangos 

25 mV to 300 volts in seven ranges. 
Full scale deflections: 300 mV. 1. 3. 10. 
30. 100 and 300 volts. 

1. 3. 30. 100 and 300 volt ranges: ± 2% of 
lull scale ± 10 mV. 
300 mV rango: ± 3% of full scale ± 10 
mV. 
(At 1 kHz and between 18° and 28°C.) 

Typical characteristic (measured at 600 mV 
using T Connector TM 5031 B) relative 
to response at 1 kHz : 

between 0 and -0·5 dB at 20 Hz 
- 0·2 dB at 50 Hz 

and 100 MHz 
between 0 and - 1 dB at 400 MHz 
between 0 and + 1 dB at 900 MHz 

+4·5 dB at 1500 MHz 
As the input voltago is increased tho 
transit timo effect decreases and as a rosult 
tho error in tho 100 MHz to 400 M Hz 
region decreases. At 400 MHz the error 
could be p·ositive and of a similar order of 
magnitude to that shown. 

Shunt capacitance: approx. 1 ·5 pF. 
Resistance: approx. 5 MO at 1 kHz. 
approx. 500 kO at 10 MHz. and approx. 
150 kO at 100 MHz. 

10 mV to 1000 volt in eigh t ranges. 
Full scale deflections: 300 mV. 1. 3. 10. 
30. 100. 300 and 1000 vol ts. positive or 
negative. Centre zero facility on all ranges. 
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Accuracy 

Input conditions 

STABILITY 

RESISTANCE 
MEASUREMENTS 

Rangos 

POWER 
REQUIREMENTS 

DIMENSIONS 
AND WEIGHT 

ACCESSORIES 
Supplied 

Optional 
TM 7010/3M1 

TM 50310 
TM 5032 
TM 6033A 
TM 5682 

I 

,,_,. 

I I I I I I lo I I I I 

I 

3 OOM 1500M 

IOOOM 

± 2% of full scale ± 10 mV on all ranges 
(except for centre zero) between 18° and 
2s•c. 
Resistance: 100 MO. plus 1 MO isolating 
resistor in probe. 
Capacitance to ground: approx. 2 pF. 

A mains supply variation of 10% will cause 
a deflection chango at full scale of less 
than 4 mV at full scale on all ranges. 

0·20 to 500 MO in seven ranges. Full 
scale. deflections: 5000. 5 kO. 50 kO 
500 kO. 5 MO. 50 MO and 500 MO. 

100 to 130 volts and 200 to 250 volts. 
45 to 500 Hz ; 36 w atts. 

Height 
S in 

20·3 cm 

Width 
11 i in 

29·2 cm 

Depth 
10i in 

25·1 cm 

Weight 
12-75 lb 
5·8 kg 

Grounding Clip. Type TC 23535/3C. to 
fit a.c. probe. R.F. Grounding Sleeve. 
Type TC 23533/ 3. to fit a.c. probe. 

Rack Mounting Kit. 
Coaxial T Connector. 
A.C. Multiplier. 
D.C. Multiplier. 
500 Load. 



TF2604 

Optional Accessories 

Coaxial T Connector, Type TM 5031 B 
This device can be fitted to the a.c. probe head to facilitate 
voltage measurements on 50Q coaxial cables. For this 
purpose one of the two series arms of the T is terminated 
in a type N plug and the other in a type N socket. The 
v.s.w .r. of the connector is of the order of 1 · 2 at 800 mHz. 

D.C. Multiplier, Type TM 5033A 
(with connector TM 5749) 
This enables high vo ltages, such as in television receivers. 
to be measured with safety. When connected to the 
Vo ltmeter, it gives a voltage reduction ratio of 30 :1. and 
is usable up to 30 kV. The calibration of the Multiplier is 
accurate to within ± 2% and it has an input impedance of 
3000MQ. 
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Two multipliers, a coaxial T junction. and a 50.0 coaxial 
dummy load are available for use with the Vo ltmeter. 
For stowing the multipliers and T junction, a polished 
carrying case, Type TM 4935, can also be supplied. 

A.C. Multiplier, Type TM 5032 
Transmitter voltages up to 2 kV r.m.s. at frequencies of 
10 kHz and above can be measured with this auxi liary 
probe cap which fits readily over the normal a.c. probe 
head. It comprises a capacitive divider with a ratio of 
100 :1. and places a capacitance of 2 pf across the 
circuit under test. The unit is accurate to within ± 2%. 

5 W Dummy Load, Type TM 5582 
This 500 wide band coaxial load is particularly useful as 
well matched termination in coaxial line measurements. It 
has a type N input socket, at which the v.s.w. r. is bet1er 
than 1 ·1 up to 500 MHz and better than 1 · 2 up to 800 
MHz. It is of robust. fully enclosed construction and 
completely non -rad iating. 



Differential D.C. Voltmeter 

D Voltage range : 0 to 1100 volts 

D Accuracy: 0·02% 
D Measurement discrimination : Better than 0·1 mV 

D Input resistance: Over 1000 MQ for voltages 
below 11 volts 

DIFFERENTIAL o<: VOLTMETER TF 2606 

Mtltr F~ll Scott 
Mox Input votu 

:. Oll~,V IOY )" ~I '_ 
41 

Oil 

s.1 co1 

h' l•tO 

~ . • 

The TF 2606 is a manually operated d.c. voltage measur
ing instru ment with the fu ll accuracy of a high-grade digital 
voltmeter. Comprising an accurate reference source. a five 
decade potentiometer. and a sensitive centre-zero elec
troni c voltmeter. it is suitable for potentiometric measure
ment of voltages up to 1.100 volts d.c. in three main 
ranges of 11 . 110 and 1.100. 

Voltages up to 11 volts are measured by comparing the 
un~nown with the potentiometer output voltage. The 
decade controls are adjusted for zero reading on the panel 
meter (which fu nctions as a calibrated null indicator) to 
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give a direct digital indication. A "plus -or-minus one digit" 
uncertainty is obviated in the overall measurement because 
any error voltage is indicated by the panel meter. the 
measured voltage being the sum of the potentiometer 
se tting and.the panel meter reading . 

For voltages above 11 volts. a high impedance attenuator 
is introduced between the input termina l and the measuring 
circuit. To avoid ambiguity, the position of the decimal 
point is signi fied by neon indicators coupled to the voltage 
range (attenuator) switch. · 



The Electronic Voltmeter 

This has five sensitivity ranges. switch selected in decade 
steps from 1 mV to 10 volts full-scale in each direction. so 
that the discrimination for digital measurement can be 
varied to suit the application. With the meter set to its most 
sensitive range. incremental voltage changes of less than 
0· 1 mV can easily be seen. 

By setting all the potentiometer controls to zero. the 
electronic voltmeter can also be used independently for 
direct measurement of d.c. voltages: and. as the measuring 
circuits are effectively isolated from earth. the high sensi
tivity and centre zero can be utilised to employ the instru
ment as a null indicator in d.c. bridge circuits. 

A pair of terminals at the rear of the instrument facilitate 
connection of a chart recorder in parallel w ith the panel 
meter. The full-scale e.m.f . is 75 mV from a source resist
ance of 1 500 n. A convenient analogue output is thus 
available for remote monitoring of sma ll vo ltage changes. 

The Potentiometer 

Derived from a highly stabilised source. w ith provision 
for standard ising against an internal standard cell. the 
reference voltage is applied to the five decade divider. 
This comprises four switched decades and a continuously 
variable control. so that. for incremental comparative 
measurements. the potentiometer can be set to give a 
complete null indication on the meter. any incremental 
changes in the applied voltage then being read directly 
from the meter sca le. 

The potentiometer output voltage is avai lable for external 
use. The instrument. thus. also serves as a standard d.c. 

POTENTIOMETRIC 
MEASUREMENT 

VOLTAGE RANGE 

DISCRIMINATION 

ACCURACY (18° to 28°) 

1 mV to 1100 volts In three ranges of 
11, 110. and 1 100 volts maximum input. 

0·0005% full -sca le given by 5 decade 
dials. (Overall measuring discrimination 
on 11 volt range better than 0·1 mV.) 

1 mV to 1 volt ±0·05%of reading± 100 µV. 

1 to1100 volts 

INPUT RESISTANCE 

11 volt range 

11 0 and 1100 rang'es 

MAXIM UM VOLTAGE 
TO EARTH 

::,0·02% of reading :!: lOO µV. 
(Typical accuracy at 23°C 
is ± 0·01 %of read ing.) 

From 1 a• down to 1o•c and from 28° up 
to 35•c the tolerance increases by 
(± 0·002% of reading ± 20 µV) per •c. 

1 Mn nominal. increasing to over 
1000 M ll at meter null. 

1 Mo nominal. 

11 00volts. 

TF 2606 

voltage source. suitable. for example. for calibrating other 
voltmeters. A lternatively this output can be regarded as the 
reference level for incremental voltage measurement appli 
cations where it is more convenient to connect a sensitive 
chart recorder directly between tlie potentiometer and the 
unknown voltage source. 

Applications 

For certain applications. the TF 2606 has definite advan 
tages over a digital voltmeter. 

Below 11 volts it presents an almost infinite resistance 
to the unknown source when the potentiometer is set for 
a zero meter reading. It is very useful. therefore. for meas
urement of the outpu t e.m.f. of high-resistance sources. 
and for other simi lar measurements where even the 1 Mn 
normally regarded as an acceptable d.v.m. input resistance 
can cause errors. 

The indication of voltage variation directly on the panel 
meter is extremely useful for measurement of voltage drift 
with temperature etc. : and. as previously mentioned. the 
instrument is capable of driving a chart recorder without 
the need for a digita l to analogue converter. Furthermore. 
a true analogue-of-error voltage is available. free from the 
± 1 digit uncertainty. 

For applications where it is necessary to adjust the un
known voltage to a particular level the Differential Volt
meter shows considerable advantage. The potentiometer 
controls are simply set to the required voltage, and the 
device under test is adjusted to give zero reading on the 
TF 2606 panel meter. 

INTERNAL VOLTAGE 
STANDARD ± 0·01 % reference cell. 

STABILITY OF READING 
(without adjustment) 

DIRECT M EASUREMENT 

VOLTAGE SENSITIVITIES 

11 volts max. i nput range 

110 volts max. input range 

1100 volts max. input range 

INPUT RESISTANCE 

ACCURACY 

POWER REQUIREMENTS 

A.C. Mains 

DIMENSIONS AND WEIGHT 
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:1.: 0·002%of reading ±20µVfor 10% 
supply varia tion. 
± 0·005% of reading per •c change. 

With the decade dials set to zero. the 
instrumnnt functions as a direct-reading 
centre-zero voltmeter with the following 
performance specification. 

0 ·0011 . 0·011 , 0·11. 1 ·1. and 11 volts f.s. 

O·Oll . 0·11 .1 ·1. 11.and 11 0voltsf.s. 

0 ·11 . 1·1 . 11. 110. and 1100volts f.s. 

1 Mn nominal-increasing to 10 Mo on 
11 volts max. input range only. 

± 5% of full-scale. 

95 to 1 30volts and 190 to 264 volts. 
45 to 500 Hz. 5 VA. 

Height 
6 in 

20cm 

Width 
11;.in 
29cm 

Depth 
11 in 
28cm 

Weight 
12 lb 

5·5 kg 

The standard cell in this instrument will not 
w ithstand excessive shock and vibration. 



D igita l Voltmeter 

D 1 mV to 1000 volts d.c. 
D Fully floating input 
D Simple to operate 
D Low price 

TF 2660 is a low drift integrating digital voltmeter specially 
designed for applications where moderately high accuracy, 
simplicity of operation. and low cost are important. Its 
clear unambiguous readout. with decimal point indication. 

renders the instrument suitable for use by semi-skilled 
personnel in factory test rooms or training establishments 
as wel l as by trained laboratory staff. 
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Four clearly marked push buttons permit rapid selection 
of the appropriate voltage range from 1-9volt full scale to 
1 kV fu l l scale in decade steps. No damage is caused if 
too low a range is selected. the input cir'cuit being 
designed to withstand up to 1 kV between the terminals 
on all ranges. 

Voltage is indicated on a four tube in- line readout. the 
first figure being used only at range full-scale lO indicate 
" 1 ". with over-range indication to 1 900 on all except the 
1000 volt range. The position of the decimal point is 
indicated automatica lly by lamps coupled to the range 

VOLTAGE 
MEASUREMENT 

Ranges Positive or negative voltages from 
0 to 1000 volts in four switch
selected ranges as follows: 

INTERFERENCE 
REJ ECTION 
(With 1 kO unbalance 
in either lead) 

Range Accuracy 

(1) 0 to 1 ·900 volts ±3 mV 
(2) 0 to 19·00 volts ±30 mV 
(3) 0 to 190·0 volts ± 300 mV 
(4) 0 to 1000 volts ±3 volts 

Common mode d.c. Not less than 120 dB 

Common mode 50 Hz Not less than 60 dB 
(1 and 10 volt ranges only}. 

INPUT 
Resistance 1 MO on range (1) 

Insulation 
(Terminals to earth} 

10 MO on all other ranges. 

Greater than 100 MO in parallel 
wi th 100 pF. 
Withstands common mode d.c. up 
to ±1000 volts. 
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switch ing system. Polarity reversal can be effected by 
operating a push button switch located above the ·input 
terminals. the positive terminal for either switch position 
being identified by a neon indicator lamp. The measuring 
circui t is fully floating with respect to chassis. and either 
termina l may be earthed as convenient. 

The sampling rate is continuously variable from zero 
(infinite display time) to 3 per second by means of a panel 
control. By setting the control to the zero position the 
indication may be held indefinitely. It is released by 
moving the control. 

OPERATION 
System Voltage to frequency conversion 

with digital counter. 

Sampling Repetitive with rate variable from 
zero to 3 per second. Sampling 
time is less than 250 msec. 

Range selection Manual push button w ith decimal 
point indicator. 

Polarity Push button reversing switch. 
Positive terminal identified by 
glowing neon indicator. 

Readout 4 tube in-line. with decimal point. 

POWER 
REQUIREMENTS 

A.C. mains 100 to 120 volts and 200 to 
250 vol ts. 

DIMENSIONS AND 
WEIGHT 

50 to 60 Hz. 20 watts. 

Height Width Depth Weight 
3il in 1 Ot in 1 3k in 7 lb 
8·6 cm 26·7 cm 33·7 cm 3·5 kg 



Digital Voltmeter 

Manufactured by MARCON I ITALIANA S.p.A. 

o Measures 0to ±1200 volts d.c. 

o 5 digit readout 

o 0 ·02% accuracy 

o Automatic pola ri ty indication 

o Fully pr.ogrammable 

o Auto-ranging optional 

o Fully protected input 

This Digital Voltmeter not only meets all the stringent general 
requirements of an instrument of its type, but is also suitable 
for inclusion in data logging and automatic test systems (when 
used in connection wi th its optional plug-on logic converter), 
and includes special provision for use in applications-such as 
avionics-where a.c. rejection is particularly important. 

The SM 523 is an all-solid-state five-digit d.v.m. with a 
measurement accuracy of 0·02% of range full scale. It has f ive 
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voltage ranges- 0· 12 volts f .s. to 1200 volts f.s. in decade steps. 
These are normally panel-switch selected, but provision is 
made on al l models for remote range selection . The input is 
fully protected, that is a voltage of 1200 volts can be applied 
to the input terminals without damaging the instrument, even 
if this is set on the lowest range (0·12 V). The instrument also 
accepts an autoranging unit, which can be built in as an 
optional extra, and with this unit fitted the voltmeter can 
select the most suitable range automatically. 



Voltage is indicated on a five tube in-line readout, with fully 
automatic polarity indication and a decimal point indicator 
coupled to. the range selector. The indicator tubes are actuated 
by a b.c.d. store, whose logic outputs are also taken to a 
socket at the rear of the instrument for operation of a printer 
or other external digital equipment. This output is b.c.d. four
line·per-digit negative logic with earthed common line. A plug
on accessory is available to convert the negative logic output 
to simple contact closures so that, by use of an external d.c. 
supply, compatibility with any digital system using 1-2-4-8 
b.c.d. can be achieved. 

The voltmeter utilises the successive approximation tech
nique, in which the input voltage to the instrument is 
compared with an internal voltage derived via a digital poten
tiometer from a reference source. The difference potential 
goes to a logic circuit which converts it into command signals 
that adjust the digital potentiometer for minimum difference 
potential. It is effectively the setting of this potentiometer 
that is indicated by the in-line readout as the measured 
voltage. 

Provision is made for calibrating the reference source against 
a bui lt -in standard cell. 

Very high input impedance and common mode rejection are 
characteristics of this instrument. The series mode a.c. inter· 
ference is attenuated by the limited bandwidth of the input 

VOLTAGE MEASUREMENT 

Ranges (1) 0 to ±0·11999 volts. 
(2) 0 to ± 1 ·1999 volts. 
(3) Oto±11·999volts. 
(4) Oto ± 119·99volts. 
(5) Oto ±1199·9volts. 

Accuracy ±0·02% or ra nge full scale. 

INTERFERENCE REJECTION 

INPUT 

Common mode Not less than 95 dB at 50 Hz (Using filter) . 
Not less than 150 dB atd.c. 

Series mode Not less than 70 dB at 50 Hz (Using filter). 

Filters can be fined having maximum 
rejection at 50 Hz. 400 Hz or any audio 
frequency above 50 Hz if requested at time 
or ordering. 

Impedance Greater than 1000 MO on ranges (1) and (2) . 
1 0 MO on a II the otherranges. 

Insulation 
(low terminal to earth) Grea ter than 100 MO. 

OPERATION 

System Successive approximation. 

Sampling command (a) Manual-panel push button. 
(b) Repetitive-sampling time approx 10 

msec. maximum display ti me 5 seconds. 
(c) External pulse. 
(d) Printer inhibit. 

SM 523 

amplifier, and it is virtually eliminated by the provts1on for 
switching a low pass filter into circuit. The standard filter has a 
notch characteristic with maximum rejection at 50 Hz, but, if 
required, a notch filter can be fitted· having maximum 
rejection at 400 Hz or any other audio frequency greater than 
50 Hz. 

Sampl ing time is approximately 10 msec; and the instrument 
can be set for repetitive sampl ing or for single samples, which 
are initiated either manually by a panel push button or by 
application of an external trigger pulse. In the repetitive mode 
the sampling rate is determined by the setting of the Display 
control, maximum display time being 5 seconds. · 

In addition to its use for accurate measurement of voltage, 
the SM 523 can funct ion as an analogue-to-digital converter. 
The b.c.d. output taken in conjunction with the facil ities for 
programmable ranging and triggering allows the instrument to 
be used in automatic measurement or control systems. For 
applications of this type, an optional plug-on logic converter is 
available, which converts earthed negative logic output to fully 
floating contact closures. Thus the SM 523 becomes com
patible with any instrumentation system working in b:c.d. 
1-2-4-8 code. 

SM 523 is normally supplied as a bench instrument, but a 
rack mounting kit is readily available as an optional accessory. 

Range selection Manual or remote {auto-ranging optional) . 

Polarity Automatic selection and indica iion. 

Readout Polarity sign, 5 digits. decimnl point. 

PRINTER OUTPUT 

Code 1-2-4-8 sequence b.c.d. 

Logic levels ·o· = 0 to -0·5 volts. 
·1· = -7 to-11·5volts. 
Source impedence: 10 kO. 

Print command signal -11 volts from 10 kO. 
1 µsec risetime. 
10 msec duration. 

POWER REQUIREMENTS 

A.C. mains 95to130volts or 190 to 260 volts. 
45 to 65 Hz. 60VA. 

DIMENSIONS 

ACCESSORIES 

Optional 

On special order 

Height 
5,\-in 
130 mm 

Width 
17,\:in 
435 mm 

Weight 
30! lbs. 
13·75 kg 

Plug-on logic converter. Converts earthed 
negative logic output to fully floating 
contact closures. 

Automatic ranging card. 

Notch filter with maximum reject ion at any 
audio frequency greater than 50 Hz. 
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10-watt A.F. Power Meter 

D Frequency range: 20 Hz to 35 kHz 

D Five power ranges: 1 mW to 10 watts full scale 

D Impedance: 2·50 to 20 k0 in 48 steps 

0 Balanced or unbalanced inputs 

0 Direct calibration in watts and dBm 

This Audio Power Meter covers an exceptionally wide range of power 
and maintains its accuracy at both very high and very low frequencies 
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Power is measured by a temperature-compensated 
constant-resistance multi-range rectifier voltmeter. the 
req uired input impedance being obtained by the use of 
a tapped transformer and by a switched resistance
changing pad. Provision is made for measuring either 
balanced or un-balanced inputs. 

The instrument is contained in a compact portable case. 
w ith the input terminals fitted in a recess in the case top; 
this protects the terminals from accidental mechanical 
damage. The lid of the recess may be swung back to 
support the instrument at a convenient viewing angle. 
while the sloping front panel hinges upward for ease of 
servicing. 

Impedance selection 

The Meter measures the power delivered by an audio 
frequency source into a load provided by the instrument 
itself. and its excellence of performance over so wide 
a range of power. impedance and frequency is due 

RANGE 

Power 

Impedance 

ACCURACY 
(at 1 kHz and 20°C) 

Power 

Impedance 

0 to 10 watts in five ranges. 
Full-scale deflections are: 1. 10 
and 100 mW. 1 and 10 watts. 

2·5 to 20.ooon thus: 2·5. 3. 4. 5. 
6. 8. 6·25. 7·5. 10. 12·5. 15. 20 
with multipliers x 1. x 1 0. x 100. 
x 1000. 

Impedances of one-quarter the 
above- extending the range down . 
to 0·625il-can be obtained by 
using the input centre tap. but 
w ith reduced accuracy. The 
impedance of the Power Meter 
fal ls when it is connected into a 
circuit carrying d.c. At 50 Hz. a 
drop of approximately 5% is 
produced by 60 mA at the 10on 
setting or 4 rnA at 20 kD setting. 

2~% of full scale up to half-scale 
deflection. 5% of the reading from 
half-scale to full -scale deflection. 

5%. 

TF 893A 

primarily to two important points of design. Firstly. the 
patented feature-the use of a resistance network. forming 
an impedance -changing pad. to select the significant 
figures of the value of the input impedance; secondly. 
the use. for the decade multiplication of impedance. of a 
transformer using an English Electric wound-strip core of 
an isotropic magnetic all oy. 

Centre-tapped input 

There are five power measurement ranges. w ith calibra
tion directly in watts or mil li -watts and in decibels relative 
to 1 mW. The overall impedance range of 2·5 to 20.000n is 
in forty-eight steps arranged in two groups identified by 
the use of engraving in contrasting colours. The primary 
of the input (impedance-matching) transformer of low 
d.c. resistance. is isolated from the case and is provided 
with a centre tap for push-pull working: the centre tap 
also allows impedances down to 0·625n to be correctly 
terminated. but with some falling off in measurement 
accuracy. 

FREQUENCY 
CHARACTERISTIC 

DIMENSIONS 
AND WEIGHT 
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With all controls at approximately 
mid-setting the response of a 
typical Power Meter is. relative to 
indication at 1 kHz flat to within 
-0·5 dB from 50 Hz to 10 kHz; 
at 20 kHz the response is approx. 
1 dB down. At other control 
settings. the maximum variation 
from the above is ± 1 dB at 50 Hz 
and ± 1·5 dB at 20 kHz. The 
instrument can be used over the 
extended frequency range. 20 Hz 
to 35 kHz, w ith reduced accuracy. 

Height 
11 in 
28 cm 

Width Depth Weight 
7~ in 6~ in 9 lb 
19 cm 17 cm 4·1 kg 



A.F. Power Meter TF 2500 

D Power measurement up to 20 kHz; voltage measurement up to 1 MHz. 

D Seven power ranges: 100 µ.W f.s. to 25 watts f.s. 

D Load impedance: 2.5Q to 20 kQ in 40 steps. 

D Nine voltage ranges: 15 mV f.s. to 150 volts f.s. 
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The TF 2500 is not only a wide range a.f. absorption 
power meter but also an accurate electronic voltmeter 
suitable for use up to 1 MHz. Furthermore, the voltmeter 
section can be used with external loading for direct 
measurement of power over the whole of its frequency 
range. In addition to the normal audio frequency power 
applications, therefore. the instrument can be used as a 
directly calibrated level monitor f.or a wide variety of 
transmission systems. including f.d.m. baseband networks. 
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MAO£ IN ENGl ANO 

• ..J 

Its high sensitivity faci litates direct measurement of 
very low power .levels down to less than 10 µW-so that 
the TF 2500 can be used for signal-to-noise ratio or 
noise-factor measurement on low-noise equipment. where 
most other general purpose output power meters give 
inadequate indication. 

This high sensitivity is achieved by the use of an active 
measuring system based on what is essentially an amplifier
detector type voltmeter calibrated in terms of power, 



dBm. and voltage. For power measurement the measuring 
circuit receives its input via a transfer network comprising 
a transformer-coupled load, with resistive correction. to 
give switched selection of 40 impedance values, ranging 
from 2·5n. to 20 kfl. Voltage measurement is, of course. 
made by feeding the input directly to the measuring circuit. 
Sensitivity is varied by a switched coarse attenuator 
(preceding the amplifier) and fine interstage attenuator. 
to give 7 power ranges and 9 voltage ranges. 

Power measurement can be made with unbalanced, 
balanced, or fully floating load. the methods of connection 
being clearly indicated on the front panel. The centre
tapped winding can also be utilised to obtain low values 
of load impedance. With the source under test connected 
between the CT and L terminal the load impedance is a 
quarter of the value indicated by the control settings. so 
that the lowest value obtainable becomes 0·625 n. When 
used in this way the instrument remains direct reading in 
power. 

The accuracy of the a.f. power indication is not seriously 
affected by a moderate d.c. current in the input winding, 
an attribute that is sometimes ve,ry useful. as it permits 

POWER 
MEASUREMENT 

Range 7 ranges with full-scale deflections 
of: 

1001.LW. 
1. 10 and 100 mW. 
1. 10 and 25 Watts. 

Accuracy at 1 kHz ± 2·5% of full-scale. 

Frequency response 
relative to 1 kHz Below 1 mW: ± 0·5 dB from 

30 HZ to 20 kHz. ± 1 dB from 
20 Hz to 30 Hz 
1 mW ro 3 watts: ± 0·5 dB from 
20 Hz to 20 kHz. 
3 watts to 10 watts:± 0·5 dB 
from 35 Hz to 20 kHz. 
10 wacrs to 25 watts: ± 0·5 dB 
from 50 Hz to 20 kHz. 
Usable up to 35 kHz with 
reduced accuracy. 

Input impedance 40 values from 2·5 fl to 20 kfl 

VOLTAGE 
MEASUREMENT 

as follows : 
2·5. 3. 4. 5. 6. 7·5.10.12·5. 
1 5 and 20 n with multipliers of 
X1 , Xl 0. Xl 00 and X1 000. 

Accuracy at 1 kHz: ± 4%. 
Impedances of one-quarter the 
above - extending the range down 
to 0·625 n - can be obtained 
using the input centre tap. 

Range 9 ranges with full-scale deflections 
of: 

Accuracy including 

frequenc}' response 

15. 50. 150 and 500 mV. 1 ·5. 
5, 15. 50 and 150 volts. 

± 2% of full-scale from 20 Hz to 
200 kHz. 
± 3% of full-scale from 20 Hz to 
1 MHz. 
± 5% of full-scale from 10 Hz to 
20 Hz. 

Input impedance 1 MO with 25 pf in shunt. 

79 

TF 2500 

connection of the instrument directly to active elements in 
experimental circuits. For example, the power meter can 
be connected directly between the anodes of push-pull 
thermionic output stage with the centre tap taken to h.t. 
A table of maximum d.c. current values for 5% accuracy 
reduction is given in the handbook. 

As an a.c. voltmeter the total measurement range, ex
tending from the lowest reading of 3 mV to the maximum 
of 15 volts is adequate for most a.f. applications. And the 
voltmeter's extended frequency range to 1 MHz can. of 
course. also be utilised for power measurement with 
externa l loading at frequencies outside the range of the 
power meter section. By connecting the voltmeter terminals 
across the appropriate portion of a tapped resistive load, 
the power can be read directly from the power scales of the 
panel meter. A table of suitable resistor values is given in 
the handbook. 

Two sockets at the rear of the instrument provide a d.c. 
output for use with a chart recorder. For full scale deflec
tion the output current is 0·944 mA. 

The instrument is powered by two internal 9 volt dry 
batteries: and provision is made for switching the meter 
to indicate their state. 

POWER SUPPLY 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 

18 volts d.c. from 2 internal DT9 
batteries. 
Current drain approximately 
1 8 mA average. 

Height Width Depth Weight 
8 in 11l in 10i in 23 lb 
203 mm 292 mm 273 mm 10·5 kg 

Supplied Two 9 volt dry batteries type DT9. 

ENVIRONMENTAL 
SPECIFICATION 
TEMPERATURE 
RANGE 

Two shorting links. One fitted 
across BAL D.C. OUTPUT 
terminals and the other across the 
volts Land POWER L terminals. 

One shielded adapter. providing 
BNC socket outlet from terminals; 
type TB 39868, Greenpar type 
GE 51002. 

Functional 0 to 55 °C w ith up to 60% r.h. 
Meeting performance 

specification 10° to 35 °C with up to 95% r.h. 
Storage and transport - 40° to+ 70°C. 

TYPE TESTS 
Tropical exposure 14 days in simulated tropical 

conditions generally in accordance 
with Ministry requirements. 

Shock tests 500 bumps per side on a standard 
SADE designed bump test 
machine - approx. 25g. 

·vibration tests 2-l hours at 1 g between 10 Hz and 
100 Hz in all three planes. 



TF 2501 R.F. Power Meter, 3 VVatts 

D D.C. to 1 GHz 
D 3 watts f.s.d. 
D V.S.W.R. 1.1 : 1 
D Thermocouple for true mean power 
D Uncalibrated fast-response diode meter for peaking 

MOD OUT 

MARCONI INSTRUMENTS!!" 

TF 2501 is an r.f. absorption power meter of very advanced 
design, intended for use with low power transmitters at fre
quencies up to 1 GHz. 

True mean power is indicated by means of a thermocouple 
meter, with switch-selected sensitivity of 1 watt or 3 watts 
'f.s.d. As range selection is effected by changing the sensitivity 
of the d.c. side of the measuring cir'cuit, it is impossible to 
damage the thermocouple by inadvertently switching to the 
wrong power range. A fast-response diode meter is also incor
porated as a convenient indicator for transmitter tuning adjust
ments. The sensitivity of this second indicator is continuously 
variable for ease of operation; and the diode also functions as a 
demodulator for a.m. signals, the a.f. output being avai lable 
from a telephone jack on the front panel. 

The instrument is ful ly demountable; the thermocouple/load 
unit may be separated from the main body o·f the instru ment 
for remote indication of output power when the r.f. con
nection is not easily accessible; or the r.f. load (TM 8587) can 
be removed from the power meter altogether and used 
independently. 
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POWER MEASUREMENT 
Range 

Accuracy 

Frequency range 

Input impedance 

V.S.W.R. 

DIODE DETECTOR 
Frequency range 

DIMENSIONS AND 
WEIGHT 

(Calibrated thermocouple meter) 
1 and 3 watts f.s.d. 

:!: 5% of f.s.d. (true mean power). 

D.C. to 1 GHz for stated accuracy. 

500. 
1·1:1. 

(Uncalibrated) 
From below 5 MHz to at least 1 GHz. 

Height Width Depth Weight 
5i in 9tin 4!in 31b 

13cm 24cm 12cm 1·4kg 



R.F. Power Meter, 10 VVatts TF 2502 

•• MARCONI INSnUHENTS l!D 

The TF 2502 is basically similar to the TF 2501 (opposite). 

but has a higher power range. Its dissipative load, TM 8544, is 

rated at 10 watts and the thermocouple true-mean-power 

meter sensi tivity is swi tchable to 3 watts or 10 watts f .s.d. 
These two instruments are the first of a new range of 

power meters. in which the small size and unusually low 
v.s.w.r. are achieved by the use of new materials and the 
application of high-vacuum evaporation techniques. A 
Marconi patented thermocouple unit is employed. with 
its heater element forming part of the coaxial inner 
conductor, so that the correct characteristic impedance is 
maintained throughout the link between the input socket 
and the load. 
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POWER MEASUREMENT 
Range 

Accuracy 
Frequency range 
Input Impedance 

v.s.w.R. 

DIODE DETECTOR' 
Frequency range 

DIMENSIONS AND 
WEIGHT 

(Calibrated thermocouple meter) 
3 and 10 watts f.s.d. 
;;!:: 5% of f.s.d. (true mean power). 
O.C. to 1 GHz for. stated accuracy. 
500. 
1-1:1. 

(Uncalibrated) 
From below 5 MHz to at least 1 GHz. 

Height Width Depth Weight 
51 in 9t in 4! in 3 lb 

13 cm 24 cm 12 cm 1·4 kg 



TF250 3 R.F. Power M eter 

D D.C. to 1 GHz 
D 100 watts f.s.d. 
D V.S.W.R. 1·1: 1 
D Thermocouple meter for true mean power 
D Uncalibrated fast-response diode meter for peaking 

TF 2503 is .an r.f. absorption power meter of very advanced design, 
intended for use w ith medium and low power transmitters at 
frequencies up to 1 GHz. It is one of a new range of power meters. in 
which the small size and unusually low v.s.w.r. have been achieved 
by the use of new materials and the application of high-vacuum 
evaporation technique. 

True mean power is indicated by means of a thermocouple meter. 
with switch-selected sen~itivities of 30 watts and 100 watts full 
scale. A Marconi patented thermocouple is employed. with its heater 
element forming part of the inner conductor of the coaxial line. This 
arrangement has the advantage that the load remains independent 
of the indicator. but the correct characteristic impedance is main
tained throughout the link between the input socket and the load. 

A fast-response diode meter is also incorporated as a convenient 
indicator for transmitter tuning adjustments. The sensitivity of this 
second indicator is continuously variable for ease of operation: and 
the diode also functions as an a.m. demodulator. the a.f. output 
being available from a telephone jack on the front panel. 

The instrument i:; fully demountable; the thermocouple unit 
with the load attached, may be separated from the main body of the 
instrument for remote indication of output power when the r.f. 
connection is not readily accessible: or the r.f. load can be removed 
from the power meter and used independently. 
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POWER MEASUREMENT 

Range 

Accuracy 

Frequency range 

Input impedance 

V.S.W.R. 

DIODE DETECTOR 

Frequency range 

DIMENSIONS AND 
WEIGHT 

(calibrated thermocouple meter) 

30 and 100 watts f.s.d. 

±5% (true moan power) 

D.C. to I GHz for stated accuracy. 

500 
1'1 : 1 

(uncalibrated) 

From below 5 MHz to at least 1 GHz. 

Height Width Depth Weight 
6-l: in 11 in 4t in 10 lb 

16 cm 28 cm 11 cm 4 kg 



"I ·~ 
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VVaveform Analysis 

The two main applications of audio frequency waveform 
analysis are (a) measuring purity of rhe output from 
sinewave sources and (b) linearity measurements on 
amplifiers and transmission networks. Providing a low
distortion source is available. the test methods suitable 
for (a) are also suitable for (b). These are the single 
frequency methods of distortion factor measurement and 
harmonic analysis. 

Distortion Factor 
The r.m.s. voltage of a distorted sinewave multiplied by 

its distortion factor gives the r.m.s. voltage of the total 
distortion content. This implies that a true r.m.s. indicator 
is necessary for the measurement. but the error introduced 
by the use of the simpler average voltage type of meter is 
usually negligible for practical purposes. It is important to 
stress that the term refers only' to voltage ratio and not to 
power ratio. which can seem to be very much better; 
e.g .. with a 10% distortion factor only 1 % of the power 
is in the distortion components of the waveform. 

In the distortion factor meter the total voltage of the 
unwanted frequency components is measured by filtering 
out the fundamental and measuring the voltage of the 
residue. This is compared with the total signal voltage 
in such a way that the instrument indicates the distortion 
factor directly. If the fundamental component is ;i. 
harmonic distortion is D. and the noise is N. the total 
signal is (~+Q+W : and when ~ is eliminated (Q+f:::D 
remains. The distortion. Q. will comprise a number of 
harmonic components. H,. H2. H3 • etc. So. if the final 
detector is a true r.m.s. indicator. the indicated distortion 
factor is given by: 

VH, 2+H/ ..... +N2 
D Fr.m.s. = --;==:=::=::=::=::=::=:=: 

vs2+1-1,2+ H22 . . + N2 
This is the distortion factor as commonly defined. In 

a.f. distortion factor meters. however. an average level 
indicator is used. so that the indicated distortion factor is 
given by: 

H,+H2 ......... +N 
DFav = ---------

S+ H,+H2 ....... +N 
Both expressions of distortion factor are commonly 

expressed as percentage. For certain purposes. the 
distortion factor is defined as the ratio between the noise 
plus distortion to the fundamenta l component only. Thi s 
is occasionally called the true distortion factor. and is. of 
course. given by: 

DF 
- VH,2+H22 ..... +N2 

true - ---------
$ 

In normal audio equipment the discrepancy is negli
gible; with distortion as high as 14%. the difference 
between DF1rue and DFr.m.s. is less than 1 part in 100. 
The difference between DFav and DFr.m.s. depends upon 
the phase and distribution of the harmonics-especially 
the third. The greatest difference will be about 1 ·5 dB. 
which is barely discernible by the human ear. 

Distortion Factor Measurement 
For measurement of distortion factor with the Marconi 

Instruments TF 2331. the sensitivity of the meter is first 
standardised to give 100% indicatio'n for the total signal. 
The fundamental component is then rejected by means of 
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a tunable filter. and the instrument indicates the level of 
the residue directly as distortion factor (DFav). Provision 
is made for external connection of a true r.m.s. indicator 
if desired. 

When testing an a.f. amplifier or transmission network 
it is. of course. important that the distortion i ~ the input 
test signal is small compared with the distortion likely to 
be introduced by the unit under test. 

Amplifier Noise Measurement 
For amplifier noise measurement the input test signal is 

used on ly to provide a reference level with which to 
standardise the sensitivity of the distortion factor meter. 
Once this has been done. the input signal is switched o ff. 
so that the residue measured by the distortion factor meter 
is the amplifier noise. This is li kely to be composed of two 
main components ; v iz .. the mains hum and the white 
noise generated in the early stages of the amplifier. 

If the white noise is heard on a loud speaker. the 
sensation is that of a predominantly hissing sound. 
because the human ear is most sensitive to frequencies in 
the band 3 to 6 kHz. It is thus more realistic to assess the 
noise after it has been weighted according to the fre 
quency /sensitivity characteristic of the average ear and 
reproducing device. 

The CCIF has decided upon standard response charac
teristics for what ·are termed psophometric weighting 
filters. There are two of these. One is intended for high
quality music transmission (broadcast) . and is similar to 
the characteristic of the human ear alone. while the other 
represents the combined response of the ear with a 
telephone earpiece. 

The TF 2331 distortion factor meter is fitted with a 
broadcast type weighting filter which can be switched 
into circuit for noise measurements with the test tone off. 
Noise from an a.f. ampl ifier is normally expressed as 
equivalent input in terms of decibels below an 800 Hz 
reference input level. At this frequency the weighting 
filter introduces 8 dB attenuation. which should be 
subtracted from the indicated number of decibels. 

Harmonic Analysers 
Harmonic analysis is essentially measurement of the 

amplitude of each individual frequency component of a 
waveform separately. The instruments used for isolation 
and measurement of these components are known alterna
tively as selective voltmeters or wave analysers, depending 
on application. 

There are two distinct categories of wave analyser-the 
constant-bandwidth and the proportional-bandwidth 
types. 

The Marconi Instru ments TF 2330 is a constant
bandwidth wave analyser; i.e .. the bandwidth does not 
vary with the tuning frequency. The action of this type of 
instrument is closely analogous to that of a superhetero
dyne receiver; and it is used main ly for analysis of 
constant-frequency waveforms in tests on a.f. and 
communication equipment. 

In the proportional bandwidth type instrument the pass 
band is a constant proportion of the tuning frequency. 
These instruments are analogous to t .r.f. receivers : and 
their main applications are generally outside the communi
cations industry, in such fields as vibration analysis. 



Waveform Analysis 
The wave analyser can be used for measuring the 

amplitude of a waveform's frequency components either 
in absolute terms or in terms relative to the amplitude of 
the fundamental. It is the second of these two ways that 
is normally used for measurement of distortion. 

The instrument is tuned to the fundamental. and its 
sensitivity is standardised to a reference indication. It is 
then tuned to each frequency component in turn and the 
indicated relative level is noted. Thus each harmonic is 
indicated as H1/S. H2/S. etc. The r.m.s. sum of these 
values is: 

VH, 2 +H/ . ...... H22 

s 
which is equal to the true distortion factor (DFuue). 
neglecting the noise component. As each sinusoidal 
frequency component is measured individually. it makes 
no difference whether the final ind icator responds to the 
r.m.s .. the average, or the peak current or voltage. 

Intermodulation Measurement 
(Two-Frequency Methods) 

The main advantage of two-frequency methods of 
measuring non- linearity is that distortion in the test signal 
has far less effect on the measurement than with single
frequency methods. Furthermore the intermodulation 
measurement usually gives a more realistic assessment of 
the adverse effects of the non-linearity in an audio 
system. 

Two standard methods are in common use. These are 
respectively, the method recommended by the CCI F and 
that recommended by the SMPTE. 

The CCI F Method 
In this system the test signal consists of two sinewave 

voltages of equal amplitude. having frequencies P and 0 
which are relatively close together. A frequency difference 
of between 10% and 20% is normally used. 

This composite signal is applied to the input of the 
amplifier being tested; and the resulting output is 
monitored by a peak read ing voltmeter (M1) and fed. via 
a low-pass filter. which rejects frequencies P and 0. to a 
sensitive voltmeter (M2) . 

The· frequency components reaching M2 are even order 
intermodulation products having frequencies (P- 0). 
2(P- 0), 3(P-O). etc. Meter M1 indicates the peak 
voltage of the total output from the amplifier-approxi
mately equal to Vp+Vo. Meter M2. of course. indicates 
the peak amplitude of the intermodulation products. The 
intermodulation distortion is given by the formu la : 

Intermodulation Product Amplitude 
-------------- x 100% 

Vp+Vo 

This method of measurement gives no indication of the 
odd order intermodulation products or of the sum 
components. as these are stopped by the low-pass filter. 
lt is very useful. however. for assessing the effects of 
non-linearity at the upper end of the amplifier's frequency/ 
re:;ponse characteristic. where simple harmonic analysis 
gives misleading results. 

The SMPTE Method 
For this method. the test signal consists of two tones 

widely separated in frequency, the amplitude of the 
low-frequency tone. 0, being four times that of the 
high-frequency tone. P. The order of frequencies normally 
used would be 10 kHz for P and 1 kHz for 0. assuming 
that both of these fall well within the pass band of the 
amplifier. With the two-tone signal applied to the input 
of the amplifier. any non-linearity in the transfer character
istic produces intermodulation in the form of sidebands 
spaced symmetrically about tone P; i.e. (P±O). (P:1:20). 
etc. 

The high-power low-frequency tone is.eliminated from 
the final output by means of a suitable filter. leaving an 
a.m. waveform at carrier frequency P. This is passed to a 
conventional modulation monitor. comprising a carrier 
level meter (M1) followed by a demodulator and filter 
feeding a second meter (M2). 'which indicates the 
amplitude of the demodulated signal. i.e., the inter
modulation products. The intermodulation distortion is 
equal to : 

the sidebands (M2) 
--------x 100%. 

the carrier ( M 1 ) 

Intermodulation Analysis 

More revealing results can be obtained by measuring 
the amplitude of each of the intermodulation products 
separately with a wave analyser. A two-tone test signal is 
applied to the amplifier, and the output is fed to a wave 
analyser either directly or via a suitable filter depending 
on the expected intermodulation distort ion content. The 
same test set-up can be used for both CCIF and SMPTE 
methods of measurement. 
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Because the wave analyser measures each individual 
intermodulation product separately, external filtering is no 
longer a part of the basic measuring equipment. However. 
it is one of the virtues of the intermodulation method that 
it can be used for measuring degrees of non-linearity 
which are small compared with the distortion in the 
signa l source. It follows then that the system is likely to 
be used for measuring very low distortion levels. and an 
external filter can extend the range of the wave analyser 
considerably. 

Intermod ulation analysis is made in a similar way to that 
used for harmonic analysis. The sensitivity of the wave 
analyser is first adjusted to set up a reference level. and 
then each intermodulation product is measured inde
pendently. In this way a measure is made of each order of 
non-linearity separately. 



Modulation Measurement 

Amplitude Modulation 
Modulation depth can be defined as the ratio between 

the peak carrier and peak envelope voltages. 
For symmetrical modula tion waveform this may be 

resolved into the expression 
D- d 
D+d x 100%. 

where D is the peak-to-peak voltage at the envelope 
peaks. 

d is the peak-to-peak voltage at the enve lope 
troughs. 

Although thiq formula is very convenient for ca lculation 
o f modulation depth from an oscilloscope display. it is 
subject to error if the envelope waveform contains even 
harmonic components which destroy its symmetry. 

A.M. monitors. of the type built into the Modulat ion 
Meter TF 2300. utilise a detector having time constants 
such that the d.c. component of its output voltage is equal 
to the peak carrier voltage and the a.c. component is a 
facsimile of the modulation envelope. The a.c. component 
is measured by means of a peak-reading voltmeter 
calibrated to ind icate modulation depth directly when the 
ca rrier voltage is set t o a predetermined reference level. 
In the TF 2300 provision is made for inverting the 
demodu lated waveform so that both the carrier-to-peak 
and carrier-to-trough voltages may be measured. To 
obviate errors due to asymmetry. the average of the 
"peak" and "trough" readings should be taken as the 
modulation depth. 

Frequency Modulation 

The degree of f.m. is usually stated in terms of peak 
deviation from the unmodulated carrier frequency. For 
symmetrical modulation w aveforms. this is equa l to half 
the total frequency excursion. For asymmetric w aveforms. 
however. the positive and negative deviations will be 
unequal ; and provision is made in deviation meters- such 
as TF 2300 and TF 791 D-for measuring the deviation in 
each direction separately. The total sweep is. of course. 
the sum of the two measured deviations. but it is incorrect 
to regard the average or the two readings as the f.m. 
deviation f igure. 

With sinewave modula ti on the sideband distribution 
depends on the deviation ratio-or modulation index-

Table I. Deviation ratios at which the carrier or sideband compo
nents have zero ampliwde. 

Order Deviation Ratio 
of 

Zero 1st Pa ir 2nd Pair 3rd Pair 
Po int Carrier Sidebands Sidebands Sidebands 

1 2·405 3·832 5· 136 6·380 
2 5·520 7·016 8·417 9·761 
3 8·654 10·173 11 ·620 13·015 
4 11·792 13·324 14· 796 16·223 
5 14·931 16·471 17·960 19·409 
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yvhich is usually signified by the symbol 13. and is given by 

13= 8 f/fmod. 
where Bf is the peak f.m. deviation and fmod is the deviation 
frequency. (3 is also equal to the phase deviation in 
radians. 

Where the modulat ion frequency is variable and known. 
f .m. deviation can be accurately measured by setti ng for 
deviation ratios at which the carrier or sidebands have 
zero amplitude as show n in Tables I and 11. 

F.M . on A.M. (Sideband Asymmetry} 
Sideband asymmetry always indicates the simultaneous 

presence of amplitude modulation and either frequency 
or phase modulation. This statement holds good regardless 
of the original cause of the asymmetry; e.g .. even if the 
asymmetry is produced deliberately by means of filters 
on an a.m. signal. f.m. is automatically introduced. (There 
is no rea l difference between spurious f .m. and ph.m. 
so far as the effects on the wan ted a.m. are concerned.) 

If f.rn. and a.m. are applied simu ltaneously to the ca rrier. 
the 'first order pair of sidebands-as viewed on the 
spectrum ana lyser-w ill be equal to the vector sum o'f the 
a.m. and f .m. sidebands. Assuming that peak deviation in 
the positive di rection occurs at the same instant as the 
a.m. envelope peak- i.e .. the f.m. and a.m. modulating 
waveforms are in phase-the lower sidebands will be 
equal to the sum and the upper one to the difference of 
the a.m. and first order f.m. sideband amplitudes. 

This is. in fact. the condition for maximum asymmetry; 
and. since the a.m. and spurious f .m. are both usual ly 
derived from the same modulating waveform. i t is the 
one most li kely to occur. As the phase angle between the 
a.m. and ·f.rn. increases tl1e asymmet ry decreases. until it 
disappears altogether when the phase difference becomes 
90°. 

Table II. Modulating frequencies corresponding to deviations at 
which carrier ampliwde is reduced to zero. 

Carrier- Carrier-
first disappearance second disappearance 
elev. ratio (2 -4048) dev. ratio (5 ·5201) 

Freq. Dev. Mod. Freq. Freq. Dev. Mod. Freq. 
in kHz. in Hz. in kHz in Hz. 

1 416 5 907 
2 831 10 1,815 
3 1.247 15 2.718 
4 1.663 20 3.625 
5 2.079 25 4,530 
6 2.494 30 5.430 
7 2.91 1 35 6.340 
8 3.326 40 7.250 
9 3.742 45 8.160 

10 4.158 50 9.070 
15 6.237 55 9.975 
20 8.31 6 60 10.880 
25 10.395 65 11.780 
30 12.480 70 12.690 
35 14.550 75 13.590 



Analysers and Test Sets 

Rack 
Title and Type Number Frequency Range Mounting Kit Pages 

Wave Analyser TF 2330 20 Hz to 50 kHz TM 8271 88- 89 

Distortion Factor Meter TF 2331 20 Hz to 20 kHz TM 7010 90- 91 

M.F. Transmission Measuring Set TF 2333 30 Hz to 550 kHz TM 7010 92- 93 

Measurement Facility Pages 

Carrier Deviation Meter TF 791 D F.M. Deviation 94- 95 

Modulation Meter TF 2300 F.M. Deviation TM 8340 96- 97 
A.M. Depth 

H.F. Spectrum Analyser OA 1094A/3 R.F. Spectrum 98- 99 
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\Nave Analyser 

D Frequency Range: 20 Hz to 50 kHz 

D Measures amplitude of individual frequency components 

0 Restored-frequency output 

0 B.F.O. output 

O Built-in r.f. demodulator 

Wave Analyser TF 2330 is a narrow-band selective volt
meter tunable over the frequency range 20 Hz to .50 kHz 
in one continuous band. It is primarily intended for 
amplitude measurement of individual frequency compo
nents of complex waveforms; and it can be set to indicate 
directly in voltage or in terms relative to a fundamental 
datum level-either·in decibels or in percentage. 

l e!onu . ............ . 

Sensitivity and Selectivity 

Discrimination between closely spaced frequency com
ponents is facilitated by the 7 Hz bandwidth. This implies 
a necessity for accurate tuning; but. once the component 
has been selected. internal automatic frequency control 
can be switched into operation, locking the Wave Analyser 
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to the. signal component and. incidentally, obviating 
continual retun ing to correct for any small amount of 
frequency drift. 

There are 1 5 ranges of voltage sensitivity from 30 µV 
fu ll sca le to 300 volts full scale. the lowest usable meter 
reading being at 3 µV. The minimum measurable level of a 
distortion component. however. depends upon the rejec
tion ratio of the band pass fil ters within the instrument: 
and. for signal levels between 30 mV and 300 volts fed 
directly to the Wave Analyser. frequency components 
down to - 75 dB relative to the fundamental can be 
measured. If it is desired to use the Wave Analyser on very 
low distortion systems. the range can be extended by 
feeding the signal to the instrument via the Marconi 
Tunable Rejection Filter TF 2334. 

Restored Frequency Output 
When the Wave Analyser is tuned to any frequency 

component of a waveform it delivers. at the panel terminals. 
a "restored-frequency" output ; i.e.. a voltage at the 
component's frequency. The output level is variable by 
means of a manual control: but, for any control setting. 
the output voltage is a direct function of the amplitude 
of the frequency component. This feature is usefu l for the 
application of particular frequency components to external 
measuring equipment : e.g., the isolation of the fund a
mental from very heavy noise. It also facilitates the use 
of an electronic counter for digital monitoring of any 
frequency component selected. an application w hich may 
be useful in identifying a particular frequency component 
which is not harmonically related to the others. 

INPUT FREQUENCY 
Working range 

Accuracy 
A.F.C. 

A M PLITUDE RANGES 
Waveform analysis 

SELECTIVE VOLTAGE 
MEASUREMENT 

20 l~z to 50 kHz. 
± 1%, ±5 Hz. 
Tuning remains locked to input 
frequency over ± 100 Hz drift. 

Range: Measurements down to - 75dB 
with respect to any fundamental 
level between 30 mV and 300 volts. 
For fundamental levels below 30 mV. 
the measuremen t range is progressively 
reduced. 

TF 2330 

B.F.O. Output 
The TF 2330 can also be sw itched to function as a b.f.o .. 

delivering a continuous output at the tuning frequency of 
the selective voltmeter regardless of the input signal-as 
distinct from the restored -frequency output of normal 
operation. This featu re provides a very conven ient means 
of measuring the f requency response of active and passive 
networks. By applying the signal to the input of the 
network and monitoring the voltage at its output w ith the 
tuned voltmeter section the response of the network can 
easily be measured. 

R.F. Demodulator 
For convenience w hen checking distort ion of modu la

t ion envelopes the TF 2330 is fitted with a linear r.f. 
detector. which may be switched into circuit in cascade 
with the normal a.f. input of the instrument. 

Construction Features 
The TF 2330 Wave Analyser conforms to the modular 

standard ; and is available in bench or rack-mounting 
form. All active circuit elements are solid state. with the 
advantages of portability. reliability, and low power con 
sumption. Although the instrument is normally intended 
for mains operation. it can be driven from external 
batteries having voltages between 18 and 30 volts. This is a 
particularly useful attribute in the case of a wave analyser 
because. apart from the portability aspect. it may be 
desirable to use the instrument at frequencies close to the 
supply frequency or its low-order harmonics. where even 
the very small hum level resulting from mains operation 
may be troublesome. 

Restored 
frequency output 

B.F.O. output 

Recorder output 

I 
Range: 20 Hz to 50 kHz. 
Output: Variable up to 1 volt r.m.s. 
out of 6000 source. when meter 
reads f.s.d. 
Range: 20 Hz to 50 kHz. 
Output: Variable up to 1 volt r.m.s. 
out of 6000 source. 
Response: Flat to within ± 0·1 dB over 
frequency range. terminated or 
unterminated. 

100 1i A in to 2·50. Recorder input to 
be isolated from ground. 

Range 3 µV to 300 volts in 15 ranges of 
30 µV to 300 volts f.s.d. in 1 -3-10 
sequence. 

POWER 
REQUIREM ENTS 95 to 135 volts and 190 to 260 vol ts. 

45 to 1000 Hz. 4 VA. 

Accuracy 
Select ivity 

Internal Noise and 
Distortion 

Input resistance 

R.F. INPUT 
Frequency range 
Input impedance 
Amplitude range 

±5% of full scale. 
± 3! Hz bandwidlh. al least 3dB down. 
±20 Hz bandwidth. at least 45dB down. 
± 40 Hi bandwidth. at least 63dB down. 
± 8 Hz and above. at least 80dB down. 
Residual hum and noose. and 
distortion to measured signal at least 
80 dB down. 
100 kO on maximum at1enua tor 
settings between 30 mV and 1 volt : 
1 M 0 on sett ings betw een 3 and 
300 volts. 

100 kHz to 500 MHz. 
50 0 (type N connector). 
1 to 4 volts at maximum modulation 
depth. 

A.C. mains 
18 to 30 vol1s. 60 mA. positive earth. 

External D. C. 
DIMENSIONS 
AND WEIG HT 

Height 
11 in. 
28 cm. 

Width Depth 
18·5 in. 11 in. 
47 cm. 28 cm. 

Weight 
24 lb. 
11 kg. 

ACCESSORIES 
Supplied: 

TB 39868 , Shielded Adapter (Greenpar Type 
GE 51 002) for convert ing input or 
output terminals to a BNC coaxial 
socket. 

Rendar type M J P/ 600 Miniature J ack Plug. for use in Ext. 
Monitor socket. 

M IP 45001 Mains Lead, for a.c. operation. 
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Distortion Factor Meter 

D Fundamental range: 20 Hz to 20 kHz 
D Input frequencies up to 100 kHz 
D Distortion and noise from less than 0 ·05% 
D Built-in r.f. demodulation 
D Environmentally tested 

DISTORTION FACTOR METER TF13ll 

OFM 
ll'lput Ron9e 

1v~1ov . • IOV~ lOV 

'~•~~"" OFM 
HI 2 lnpt.it Rfllston<• 

AF ........ ----. f. ~ Ho2 ... ~~~~"> 
MAlltCONI INST'AUHOITS C"' 

The TF 2331 is for measuring the total noise and distortion 
content of audio signals with fundamental frequencies in 
the range 20 'Hz to 20 kHz. 

The measurement is made by the conventional method 
of suppressing the fundamental component. and then 
comparing the amplitude of the residue w ith that of the 
overall signal. A panel meter indicates the distortion factor 
both in per cent. and in decibels; and provision is made 
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for standardising the sensitivity of the instrument so that 
the amplitudes are indicated directly in absolute terms: 
i.e .. volts or dBm. The indicating system can also be 
switched directly to the input terminals and used inde
pendently of the filtering c ircuits so that the instrument 
functions as an electronic voltmeter w ith 1 MO input 
impedance over the frequency range 20 Hz to 100 kH z. 



Suppression of the fundamental component is effected 
by the adjustment of a directly calibrated frequency· 
control and a phase control. When these are correctly 
adjusted, . the fundamental rejection ratio is at least 80 dB; 
and the frequency characteristic of the rejection filter is 
such that. for fundamental frequencies below 2 kHz, the 
second harmonic attenuation is less than 0·5 dB. For 
fundamental frequencies above 2 kHz. this attenuation 
increases slightly to 1 dB for 6 kHz and 2 dB for 20 kHz 
fundamentals. The overall bandwidth of the TF 2331 
extends from 20 Hz to 100 kHz; and. for normal operation. 
the indicated impurity includes all the noise and distortion 
components within this band. Provision is made, however, 
for switching into circuit a low pass filter to restrict the 
upper limit of the noise and distortion measurement band 
to 20 kHz, thus eliminating frequency components which 
are beyond the audio range. There is also the facility for 
introducing an l.f. cut filter for the suppression of hum 
components that may produce misleading results. This 
filter reduces 100 Hz components by more than 20 dB. 
but has negligible attenuation for frequencies above 
400 Hz. 

With these band limiting filters. the TF 2331 is very 
suitable for signal-to-noise ratio measurements on 
amplifiers and receivers. And. to increase its usefulness in 
this application. a psophometric weighting network is 
incorporated having a frequency response following the 
characteristic recommended by CCIF for broadcast use. 

FREQUENCY RANGE 
Fundamental 20 Hz to 20 kHz in six ranges. 

Total bandwidth I Upper -3 dB limit nominally 
100 kHz or 20 kHz switch selected. 

FILTER . I 
CHARACTERISTICS 

Calibration accuracy 
Fundamental rejection I 

2nd Harmonic 
attenuation 

I 

I 

L.F. cut I 
Weighting 

DISTORTION 
MEASUREMENT 

Range 

Instrument distortion 

Measurement accuracy 

Minimum input level 

NOISE 
MEASUREMENT 
(Made with tone off) 

Range 

Instrument noise 

:1: 3%. 
At least 80 dB. 

Less than 0·5 dB for fundamentals 
up to 2 kHz: 
Less than 1 dB for fundamentals 
up to 6 kHz: 
Less than 2 dB for fundamentals 
up to 20 kHz. 
Can be introduced below 400 Hz 
to reduce hum components. 
Approximates to CCI F broadcast 
network: set for 8 dB attenuation 
relative to CCI F curve. 

Seven ranges in 1-3-1 0 sequence 
with full scale indications from 
0· 1 % distortion factor to 100% 
distortion ractor. 
Less than 0·025% from 200 Hz 
to 6 kHz. 
Less than 0·04% elsewhere. 
:1: 2% r.'s. :1: 1 % of reading between 
200 Hz and 1 2 kHz. 
±2% f.s. ±2% of reading betw een 
20 Hz and 100 kHz. 
750 mV ( less than 0 dBm in 
600 0). 

0 to -72 dB relative to reference 
level. 
Less than 200 µV equivalent input. 

TF 2331 

For convenience when checking distortion of modula
tion envelopes the TF 2331 is fitted with a linear r.f. 
detector, which may be switched into circuit in cascade 
with the· normal a.f. input of the instrument. 

The minimum noise level that can be measured is - 72 
dBm. For distortion measurement, however, the low l imit 
is determined by the amount of distortion introduced by 
the instrument itself. With fundamental frequencies be
tween ?00 Hz and 6 kHz. this is less than 0·025%. and 
outside this range it may rise to 0·04%. The output from 
the fina l amplifier of the instrument is available from a 
pair of terminals on the front panel, the output level being 
150 mV from a source impedance of 1 kO. Th is facilitates 
the connection of an osci lloscope, for viewing the wave
form of the signal or the impurity, or a true r.m.s. meter. 

A two position switch selects input impedance of 
either 600 0 . for termination purposes. or a high impedance 
that varies from 10 kO to 100 kO depending upon the 
voltage range. 

The instrument employs all solid-state active elements, 
giving the inherent advantages of reliability. low power 
consumption, and small size and weight. It conforms to 
the Marconi fu ll module dimensional standard so that it is 
automatically available in either a bench or rack-mounting 
case. 

Being easily portable, the TF 2331 is well suited for 
field use; and, although normally powered by a.c. mains, 
it can be operated from an external battery if desired. 

VOLTAGE 
MEASUREMENT 

Voltage range, Ten ranges: 1 mV f.s.d. to 
30 volts f.s.d. 

Accuracy 

INPUT IMPEDANCE 

Noise and distortion 

Voltmeter 

INDICATOR 

R.F. INPUT 

Frequency range 

Input impedance 

Amplitude range 

POWER 
REQUIREMENTS 

A.C. mains 

External D.C. 

DIMENSIONS AND 
WEIGHT 

91 

±2% f.s. ±1% of reading between 
200 Hz and 1 2 kHz. 
±2% f.s. ±2% of reading between 
20 Hz and 100 kHz. 

High Z: Nominally 10 kO/V up to 
10 volts input. 
Nominally 100 kO/V from 
1 0 to 30 volts input . 

Terminated: Nominally 600 0. 

Nominally 1 MO or 600 0. 

Mean-voltage-level meter 
cal ibrated in r.m.s. volts (sine
wave) and per-cent distortion. 
w ith additional dBm scale. 

500 kHz to 500 MHz. 

50 0 type N connector. 

1 to 4 volts at maximum 
modulation depth. 

95 to 130 volts or 190 to 260 
volts. 40 to 400 Hz: 
Power consumption: 3 watts. 

18 to 45 volts, 25 mA. 

Height Width Depth Weight 
8 in 17:< in 11 in 1 5 lb 

20 cm 44 cm 28 cm 7 kg 



M.F. Transmission M easuring Set 

D Frequ ency range: 30 Hz to 550 kHz 
D Measures response of active and passive 

transmission networks 
D Suitable for multichannel applications up 

to basic supergroup bandwidth 
D Environmentally tested 

HF OUTPUT 
ATTEHUATO'-

The TF 2333 is a transmission measuring set of the conventional 
type that normally forms part of the essential test gear for audi_o and 
baseband equipment of multichannel telecommunications systems. 

It comprises a Signal Source. for energising the network under 
test. and a Level Meter for measuring the resulting output power 
from the network. It can be used for measurement of gain or attenua
tion and. therefore. frequency characteristic. The Level Meter can be 
applied to a.f. and m.f. power measurement. And a multi-range 
voltmeter faci lity provided in the instrument can also be used for 
fault finding. 

The Signal Source consists of a variable frequency RC oscillator. 
covering the range 30 Hz to 560 kHz. followed by a monitored 
attenuator. The output level. indicated directly in dBm. is variable 
over the range - 70 to + 3 dBm. Source impedance is switch selected 
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to suit the equipment under test. the choice being 600 0 balanced 
or unbalanced. 150 0 balanced. or 75 O unbalanced. 

For normal t.m.s. operation. the oscillator is connected to the 
attenuator via a coaxial jumper at the rear. Jts output can. however. 
be brought to the front panel terminals by the operation of a switch. 
In this condition it can be operated separately from the other 
sections of the instrument for general test purposes. 

The input level applied to the attenuator is monitored by its panel 
meter. The equipment is normally used w ith the oscillator output set 
to give a constant deflection (usually 0 dBm)-variation of the test 
signal level being made by means of the attenuator controls. The 
sensitivity of the monitor is standardised at 1 kHz at the factory; but 
provision is made for re-standardisation at other frequencies against 
an external meter if desired. 



The panel meter can also be sw itched to function as the indicator 
of a multi-range vol tmeter. Four d.c. ranges. w ith full scale deflections 
from 0·1 to 500 volts. cover the requirements for checking supply 
voltages to most valve or transistor circuits; and a single a.c. range 
with 10 volts f.s.d. facilitates the checking of valve heater supplies. 

The Level Meter is a w ide-band amplifier/voltmeter designed for 
use over the frequency band 30 Hz to 560 kHz. It is calibrated directly 
in d Bm and covers the range - 70 to +25 d Bm. A load impedance 
swi tch automatically adjusts the sensitivity of the voltmeter so that 
the power indication remains direct for each standard impedance 
used. and the need for calculation is obviated. The Level Meter can 
be switched to act as the terminating load of a network under test or 

SIGNAL SOURCE 

OSCILLATOR 

Frequency range 30 Hz to 550 kHz i n five ranges . 
A . 30 to 300 Hz. 
A• 10 : 300 to 3.000 Hz. 
A • 100 : 3 to 30 kHz. 
B : 30 to 150 kH z. 
C : 11 5 to 550 kH z. 
The dia l is calibrated and performance 
maintained up to 560 kHz. 

Frequency accuracy ± 3%. 

Maximum output A l least +3 dBm. 

ATTENUATOR 
Range 

Accuracy 

Output impedance 

DISTORTION 

HUM 

MONITOR 
Ranges 

Accuracy 

Frequency response 
(relative to 1 kHz) 

VOLTMETER 
Ranges 

Accuracy 

LEVEL M ETER 

FREQUENCY RANGE 

LEVEL M EASUREMENT 
RANGE 

M EASUREM ENT 
ACCURACY 

FREQUENCY RESPONSE 
(relative to 1 kHz at 0 dBm) 

70 dB in 10 dB and 1 dB steps. 

50 Hz to 20 kHz: :1% of dB setting 
±0·2 dB. 
20 kHz to 560 kHz: ± 2% ol dB selling 
±0·2 dB. 

Unbalanced: 600 0 and 75 0. 
Balanced: 600 0 and 150 0. 

Less than 1 % at 0 dBm. 

Less than - 70 dBm. 

O dBm and +10 dBm contra.scale. 
meter graduated -6 dBm to +6 dBm. 

±0·25 dB under the conditions at which 
standardisation was earn ed out. The 
normal conditions are 600 O unbalanced. 
1 kl'tz. 0 dBm meter reading and zero 
auenuation. A panel preset control 
allows restandardisation al other 
impedances. 

±0·1 dB from 300 Hz to 50 kHz: 
±0·5 dB from 100 Hz to 200 kHz: 
± 1 ·2 dB from 500 Hz to 560 kHz. not 
applicable to 600 O balanced above 
200 kHz. 

D.C.: 0·1. 1. 50 and 500 volts l ull ·scate. 
A.C. (power line frequencies) : 10 volts 
fu ll· scalo. 
A lso percentage sca le calibrated 
±50% relative 10 0·5 volts d.c. 

± 5% of full -scale. 

50 Hz lO 560 kHz. 

+25 to - 70 dBm. 

Can be standardised against signal 
source at 0 dBm. 1 kHz. 

200 Hz to 20 kHz: ±0·1 dB al all 
impod3nces: 
50 Hz to 100 kHz: ±0·25 dB at all 
impedances: 
100 kHz 10 300 kHz: ±0·25 d B at 150 
and 75 O; 
300 kHz to 560 kHz: : 0·5 dB at 1 50 
and 75 o . 

TF2333 

to high impedance for monitoring the pow er in an external termina
tion. 

The amplified signal is also brought out to a pair of terminals on 
the front panel of the unit. This enables the amplified test signal to 
be applied to an oscilloscope or other external measuring equipment. 

The instrument conforms to the Marconi modular standard. and 
comprises three one-third sub-modules. It is avai lable for bench or 
rack mounting. The bench type can be fitted with a protective front 
cover which also houses leads and accessories. 

Being fully transistorised. the TF 2333 is easily portable and well 
adapted ror field use. Although it is normally intended for a.c. 
mains operation. it can be operated from external batteries if desired. 

RANGE SWITCHING 
ACCURACY 

Up to 100 kHz ±0·3 dB from •20 to - 50 dBm ranges 
at all impedances. 
±0·5 dB on -60 dBm range at all 
impedances. 

Up to 560 kHz +0·5 dB from +20 10 - 50 dBm ranges 
at 150 and 75 0 . 
±1 dB on - 60 dBm ranges at 150 and 
75 0 . 

METER SCALE ACCURACY ±0·1 dB per 1 dB increment relative to 
0 dB botween +5 and - 5 dB. 

INPUT RESISTANCE 

Terminated Balanced: 600 0 and 150 O. 
Unbalanced: 600 0 and 75 0. 

Unterminated At least 15 kO on -10 to -60 dBm 
ranges: 

REJECTION OF COMMON 
MODE SIGNALS ON 
BALANCED LINES 

MAXIMUM INPUT 

AMPLIFIER OUTPUT 

GENERAL 

POWER REQUIREMENTS 

A.C. mains 

100 kO (unbalanced) on 0 to +20 dBm 
ranges: 
200 kO (ba lanced) on 0 lo +20 dBm 
ranges. 

At toas t 40 ctB at 1 kHz: at least 34 dB 
at 560 kltz (subject to maximum r.m.s. 
voltage limitations of 0·5 volts on - 10 
dBm ranges and below. 70 volts on 0 
dBm to +20 dBm ranges at 50 Hz and 
14 volts at 560 kHz). 

A.C. or d.c. voltage between terminals 
or from terminals to chassis must not 
exceed 100 volts peak or 0·5 w atts. 
whichever is more significant. 

Available at two front-panel terminals. 
Output approximately 85 mV r.m.s. 
when meter reads 0 dBm. Output 
impedance nominally 1 kO. 

190 to 260 and 95 to 130 volts. 45 10 500 
Hz: 210 10 260 and 105 to 130 vol ts. 
500 to 1,000 Hz: 5 w atts. 

External d.c. 21 ·5 to 30 volts 50 mA. 

DIMENSIONS AND 
WEIGHT 
(w ith front cover attached) 

ACCESSORIES 

Supplied 

Optional 
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TM 7052 
TC 40069 

TM 4726/208 
TM 4726/196 

TM 40755 
TM 7510 

TM 7010 

Height 
7!'" 
19 cm 

Mains Load. 

Width 
18!in 
47 cm 

Depth 
121 in 
32 cm 

Unbaloncod Output Le~d 
(!WO SU pplled). 

Weight 
28 1b 

12·7 kg 

Balanced Ou tput Lead ( two supplied). 
Voltmeter Input Lead. 
Voltmeter Input Lead Adaptor. 
Protective Cover (Lid assembly) . 

Rack Mounting Case. 



Carrier Deviation Meter 

D Carrier frequency range: 4 to 1024 MHz 

D Measures deviation up to 125 kHz, or down to 
10 Hz using external indicator 

0 Crystal locking gives freedom from microphony, 
permits measurement of f .m. noise 
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TF 791 D is a direct reading f.m. deviation meter suitable 
for use at carrier frequencies up to 1024 M Hz. Four 
deviation ranges-5. 25. 75, and 125 kHz- cater for both 
communication and f.m. broadcast systems. 

The instrument is basically a superheterodyne f .m. receiver 
using an integrating counter type demodulator for high 
stabil ity. The output from this demodulator energises a 
meter calibrated directly in deviation. and is also available 
externally at a separately buffered outlet for au ral monitor
ing or measurement of very low deviation. 

The loca l oscillator operates on harmonics over six of its 
eight ranges. This avoids the danger of frequency pulling 
at the higher frequencies, and the relatively narrow 

CARRIER FREQUENCY 

Range 4 !O 1024 MHz in eight bands each of 2 :1 
frequency coverage. 

Calibration accuracy 1 ±3%; tho calibration is in terms of local · 
oscillator frequency. 

Crystal locking Local oscillator can be locked at any 
frequency within its range by crystals 
betwoon 4 and 10 MHz-see Accessories. 

DEVIATION 
MEASUREMENT 

R.F. INPUT 

Ranges =.5. ± 25. ± 75. and ::: 125 kt-!z full · 

1 
scale. Using crystal lock. deviation down 

h o about 10 Hz can be measured on 
an external indicator at the LI. output 
terminals. 

Accuracy For modutacion frequencies between 50 Hz 
and 25 kHz. ± 3%of full -scale. For modula · 
tion floquoncies between 25 and 35 kHz. 
± 3% of full-scale :!:3% of the reading. 

Impedance Nominally 500. 

Signal E.M.F. at 
500 source Minimum : 25 mV up to 256 MHz. 50 mV 

up to 512 MHz. 1 volt up to 1024 MHz. 
Maximum : 5 volts. 

TF791D 

frequency cover of the oscillator has simplified the 
inclusion of a crys!al locking facility. The frequency of 
the osci llator can be locked to that of a crystal within the 
range 4 to 10 MHz, thus eliminating spurious f.m. within 
the instrument so that reliable measurement can be made 
of f .m. hum and noise in transmitters for v.h.f. broadcast ing 
and nar(ow-band mobile communications. Crystals can 
be supplied to suit any specified carrier frequency, and are 
selected in the instrument by a four position switch. Where 
the crystal harmonic power is adequate, the local oscil lator 
can be switched out of circuit and the crystal oscil lator 
coupled directly to the mixer stage. 

To aid measurement of asymetric modulation. the instru
ment can be switched to indicate positive or negative 
deviation without the need for retuning. 

L.F. OUTPUT 

Impedance Approx. 1 kO unbalanced. 

Level Approx. 1 ·5 volts e.m.f. at full-scale. 

F.M. Noise Using crystal lock. hum and noise in tho 

band 50 Hz to 20 kHz does noc oxcoed 
- 50 dl3 relative w full -scale deviation on 
che S·kHz range. Without crystal lock. 
approx. - 30 dB relative to 5 kHz deviation 
between 4 and 470 kHz. 

POWER REQUIREMENTS 100 to 150 volts and 200 to 250 volts . 
40 to 100 Hz ; 100 walls. 

DIMENSIONS AND 
WEIGHT 

, ACCESSORIES 

Supplied 

Optional 

Hcigh1 Width Depth Woighc 
13 in 18 in 11 in 40 lb 
33 cm 46 cm 28 cm 18 kg 

Coaxial Free Plug, Type BNC. for uso with 
enher high· or low-level r.I. inlet. 

Coaxial Input Lead, 500. TM 4969 ; 
36 inches long: Type BNC plug both 
ends. 

Local Oscillator Locking Crystals, minia· 
ture 2 ·pin; Marconi Type 00 1670 serios: 
frequencies to suit any specified carrier 
frequ encies between 4 and 1024 MHz. 
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FM/AM Modulat io n Mete r 

D Measures f.m. deviation up to 500 kHz at carrier 
frequencies up to 1000 MHz 

D Measures a.m. depth up to 95% at carrier 
frequencies up to 350 MHz 

D Modular construction with all-solid-state active 
elements gives maximum reliability 

SupplT e OSClllATOll 

u~n 

1 
...... 

u- • 
FM/AM MODULATION METER 

Tf2300 

SET Col 
FH 

Ovcput 
6000 MAkCONI tNSTRUMENTS P • MIJ' 

:u-~· 
'44•U ... ,,, 

IU->sl 

I ,~~~;;:; l 
Level 

~F In IF Out 

son 101i:n 
lOOraWHo:x 

The TF 2300 basically comprises a low-sensitivity superheterodyne 
receiver having very linear (switch selected) f.m. and a.m. demodu
lators. The demodulated signal is amplified. rectified. and applied to 
a panel meter which is calibrated directly in kHz peak deviation and 
per cent. modulation depth as appropriate. 

For f.m. measurement. the instrument is capable of indicating peak 
deviation up to a maximum of 500 kliz at modulation frequencies up 
to 15'() kHz; but it is equally suitable for measurement of the very low 
values of deviation that are often produced by noise or spurious 
modulation of the signal under test. The sensitivity of the measuring 
system can be varied. by means of a five-position switch. from 5 kHz 
full scale to 500 kHz full scale; and the instrument can also be 
switched to indicate positive or negative peak deviation so that the 
symmetry of the modulation can be accurately assessed. 

For measurement of very low values of deviation there is provision 
for connecting a sensitive external indicator. via a pair of terminals. 
to the output of the l.f. amplifier. This outlet is also useful for applying 
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the demodulated signal to secondary test equipment-e.g .. an 
oscilloscope or wave analyser-for checks on waveform. modulation 
frequency. etc. This facility for using the instrument as a test receiver 
is fur.thered by the provision for switching standard de-emphasis 
filters of 50 µsec or 75 µsec into the I.I. amplifier. It is also possible 
to introduce a 1 5 kHz low-pass filter in order to restrict the band
width to ttie audio range if desired. 

In order to avoid masking of very small measured deviations it is 
important that the internally generated f.m. noise shall be commen
surately small. In the TF 2300. this noise is mainly due to random 
frequency modulation of the local oscillator. It therefore increases 
with carrier frequency. but rarely-even at 1000 MHz- does it 
exceed - 30 dB relative to 5 kHz deviation. Provision is made. how
ever. for locking the local oscillator to a crystal for measurement at 
carrier frequencies above 20·5 MHz. the internally generated noise in 
this condition being less than -50 dB relative to 5 kHz deviation. 
Below 20·5 MHz the internally generated noise is of this orde_r 
w ithout the need for crystal locking. 



There are three. swi tch selected. sockets on the front panel into 
which the appropriate series-resonant crystals may be inserted. The 
crystal frequencies should be between 22 and 44 MHz. harmonics 
being used for higher tuning frequencies. Locking o f the oscillator is 
extremely positive and easi ly obtained: it is necessary only to t une 
the instrument approximately to the correct frequency and then 
sw itch' to the appropriate crystal. 

Provision is made for switching the internal local oscillator out of 
ci rcuit altogether and util ising an externally generated heterodyne 
signal. This is applied via a BNC socket on the front panel of the 
instrument. the required input level being nominally 200 mV e.m.f. 
from a 50 n source. Electrical access is also obtainable to the output 
of the i. f. amplifier via a BNC panel socket. 

The a.m. section of the instrument is designed to measure modula
t ion depth up to 95 per cent. over the carrier frequency range 4 to 350 
MHz. The modulation frequency range is nominally 30 Hz to 15 kHz. 

F.M. MEASUREMENT 

Carrier frequency range 4to1000 MHz. 

Deviation range Five ranges with full scale indications of 
5. 15. 50. 150. and 600 kHz. 
Positive or negativedovia1ions indication 
selected by means of a switch. 

Accuracy ± 3% of f.s. for deviations up to 150 kHz 
at modulating frequencies between 
30 Hz and 15 kHz. 
± 5% of f.s. for deviations up to 500 kHz 
at modulating frequencies up to 150 kHz. 

A.M. rejection Additional deviation error less than 1 kHz 
w hen the a.m. depth is 80% and the 
modulating frequoncy is 1 kHz. 

Inherent noise Deviation less than - 70 dB relative to 
50 kHz deviation for a bandwidth of 
30 Hz to 15 kHz when the local oscillator 
l's crystal locked. 

A.M. MEASUREMENT 
Carrier frequency range 4 to 350 MHz. 

Mod. depth range Two ranges wi th lull scale indications of 
30% and .100% (maximum usable read
ing: 95%). 

TF 2300 

but the bandw idth of the a.f. system actually extends up to 50 kHz to 
facil itate measurement of harmonics. In order to give an indication 
of the symmetry of the modulation envelope. the meter may be 
switched to indica te the peak or trough amplitude relative to the 
mean carrier level. 

The instrument employs all-solid-state active elements. giving the 
inherent advantages of rel iability. low power consumption. and 
small size and weight. It conforms to the Marconi full -module 
dimensional standard so that i t is automatically available in either 
bench or rack-mounting form. In order to aid servicing. the instru
ment is so constructed that the electrical circuits take the form of 
easily detachable sub-modules. most of which can be removed from 
the main frame with little or no unsoldering of connections. 

Being easily portab le. the TF 2300 is w ell suited to fi eld use: and 
although normally powered by a.c. mains. i t can be operated from an 
external battery if desired. 

monies being used for other local oscil
lator frequencies. Provision is made for 
connecting an exterhal oscilla tor with 
an output of 200 mV. 

Calibration accuracy ±3%. 

Crystal operation Up to three r:rystals w ithin the frequency 
range 22 to 44 M Hz may be fitted. for 
use with input frequencies between 
20· 5 and 1000 MHz. 

1.F. OUTPUT 

Frequency 1 · 5 MHz. 

Amplitude Between 250 and 750 mV e.m.f. 
Output impedance Nominally 10 kO. 

L.F. OUTPUT 
Fr.equency range 30 Hz to 1 50 kHz with switchable 15 kHz 

low pass fil ter on r.m. 
30 Hz to 50 kHz oh a.m. 

De-emphasis Switchable to O. 50. or 75 µsec. 
Level Nominally 0 dBm into 6000 when meter 

reads full scale. 
Distortion O· 25% for f.m. deviations up to 75 kHz 

and modulation lrcquencies up to 
15 kHz. 

POWER REQUIR EMENTS 

0 · 5% for f.m. deviations up to 300 kHz 
and modulation frequencies up to 
25 kHz. 
3% for f.m. deviations up to 500 kHz 
and modulation frequencies up to 
150 kHz. 
1 % for a.m. depths up to 60%. 
3% for a.m. depths up lo 90%. 

A.C. Mains 95 to 130 volts a.c. or 190 to 260 volts. 
45 lo 500 Hz. 15 VA. 

External d.c. Between 21 · 5 and 30 volts d.c .. 300 mA 
at 24 volts d.c. 

Accuracy ±5% of f.s. for modulating frequencies DIM ENSIONS AN D 
between 30 Hz and 15 kHz. WEIGHT Height 

7t in 
19cm 

Width 
18f in 
47 cm 

Depth 
14t in 
36cm 

Weight 
211 lb 
11 kg R.F. INPUT 

Sensit ivity 20 mV at frequencies between 
250 MHz. 

4 and 

50 mV at frequencies betw een 250 and 
500 MHz. 
100 mV at frequencies between 500 and 
1000 MHz. 

ACCESSO RIES 
Supplied 

Maximum Input 3 volts r m.s. (200 mW) Optional 

Input impedance 

LOCAL OSCILLATOR 
Variable frequency 

operation 

Nominally 500. 

The internal .oscillator has two ranges: 
5 ·5to 11 MHz and 22 to 44 MHz. har-
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TM 7926 Extension board for use with plug-in 
printed boards. (Mounted internally) 

TM 7052 Mains lead. 

TM 9884 
TM 4969 

TM 7958/ 3 
QO 1670F 

TB 39868 

R.F. Fuse U111 l. 
Coaxial input lead. 500 . 36 in. BNC 
connectors. 
Protective cover. 
Series-resonant crystals at appropriate 
frequencies between 22 and 44 MHz. 
Shielded Adapter. 



H.F. Spectrum Analyser 

D Basic frequency range: 3 to 30 MHz; optional l.f. 
extension unit for 100 Hz to 3 MHz 

D Sweep width variable from a few hertz to 30 kHz 

0 Measures relative amplitudes up to 60 dB 

Spectrum Ana lyser Type OA 1094A/3 gives an imme
diate visual presentation o'f the frequency spectra of h.f. 
signals. The spectrum of the signal under test is displayed 
on a c.r.t. screen in the form of a series of vertical peaks 
whose heights and separations give the relative amplitudes 
and frequencies of the signal components. 

98 

The width of frequency spectrum displayed is continu
ously variable up to 30 kHz. which allows observation of 
the whole bandwidth of a broadcast transmission: at the 
other extreme. the display can be narrowed to a few hertz 
to facilitate the separation of closely spaced components. 

Relative levels of signa l amplitude can be measured over 



a range of 30 dB or, in two stages. 60 dB. A high order of 
selectivity ensures adequate discrimination between 
signals of w idely differing ampli tudes but as little as 
50 Hz apart; alternative lower values of selectivity are 
available. primarily to facilitate tuning and also for making 
rapid measurements on the more widely-spaced compo
nents. 

The time taken lo scan the spectrum may be varied in 
steps from 0·1 to 30 sec. the slower speeds ensuring 
absence of ringing effects when using high selectiv ity. A 
manual position is also provided. Cont inuity of display is 
provided by the long-persistence cathode- ray tube. 

Applications 

The nature of the display makes the OA 1094A/3 par
ticu larly suitable for the identification and quantitative 
assessment of intermodulation products or hum compo
nents in the output of single -sideband transmitters and 
drive units, for making dynamic distortion tests during the 
transmitter setting-up procedure. or for studying the 
effective bandwidth of on/off or frequency-shift keyed 
emissions. With f .m. signa ls. it faci litates the accurate 
determination of modulation index by the Bessel Zero or 
disappearing carrier method. 

Special care has been taken to provide a rugged 
mechanical design and minimise rnicrophony. 

INPUT SIGNALS 
Input frequency range 

Additional fixed 
f requency input 

(If specified at time of ordering) 

Input impedance 

Input level 

M EASUREMENT 
CHARACTERISTICS 

Amplitude ranges 

Selectivity 

Spectrum w idth 

Sweep duration 

POWER REQUIREMENTS 

DIMENSIONS AND 
WEIGHT (in case) 

ACCESSORIES 
Supplied 

A.C. mains 

· Three coaxial free plugs 

3 to 30 MHz in nine bands as follows : 
3- 6 MHz 12-15 MHz 21- 24 M Hz 
6-9 MHz 15- 18 MHz 24-27 M Hz 

9-12 MHz 18-21 MHz 27- 30 MHz 

3·1 MHz or 300 kHz. 

750. 
For full display, the input required is not 
greater than: 
+ 50 dBµV between 3 and 6 MHz. +BO 
dBtN between 6 and 27 MHz. + 90 
dBµV between 27 and 30 MHz. and 
+ 118 dBµV at the fixed-frequency inlet. 

0 to -30 dB. and - 30 to - 60 dB. where 
O dB represents level of reference signal. 

Three values of 3 dB bandwidth can be 
selected. viz.. 6, 30. and 150 Hz. 
frequer1cies outs ide bandwidths of 120. 
600. and 3.000 Hz respectively aro 
rejected by more tHan 60 dB. 

0 to 30 kHz .. 

0·1. 0·3. 1. 3. 10, 30 sec. and manual. 

200 to 2 50 volts. and 1 00 to 1 50 volls; 
40to100 Hz; 185 w atts. 

Height 
30t in 
78cm 

Width 
24in 

61 cm 

Depth 
27in 
69cm 

Weight 
278 1b 
126 kg 

Type BNC; for main r.L. fixed-frequency, 
and local oscillator inlets. 

OA1094A/3 

TRIPLE SUPERHET CIRCUIT 
The Analyser is essentially a triple-superhet receiver 

w ith a crystal -controlled fi rst local oscillator; the third 
local oscillator is frequency-swept in synchronism with the 
c.r.t. t imebase sawtooth. and the final i.f. is accepted by a 
selection of crystal band -pass filters. The detected filter out
put is applied to the c.r.t. Y-plates via a logarithmic ampl ifier. 

A socket is provided for connecting to an external 
osci llator to take the place of the internal second local 
oscillator. This allows a crystal or synthesiser oscil lator to 
be used for the highest stability when making narrow-band 
measurements under arduous conditions of vibration. 

DISPLAY 
The amplitudes of displayed components are measured 

by means of horizonta l 10 dB lines on the c.r.t. screen 
and a 1 dB step i.f. attenuator ; relative frequencies are 
measured by using the vertical marker lines on the screen 
in conjunction with the directly calibrated sweep width 
control. 

AURAL MONITORING 
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A be.at-frequency oscillator can be switched in to 
provide an audio output for use w ith headphones. This 
allows the r.f. stages to be quickly and accurately tuned 
by adjusting for zero beat. 

Optional 

One telephone plug Type P40; for phones jacks. 

TM 4726/34 

TM 6448 

TM6467 

TM 6612 

TM6978 

TM 6723 

Mains Lead: 3-core; 18 feet long. 

L.F. Extension Unit: A heterodyne 
device with a crystal-controlled local 
oscilla tor. It employs wide -band. un
iuned stages in the signal path but 
includes switched input filters enabling 
restricted frequency bands to ba selected 
within the overall 100 Hz to 3 MHz 
range. This accessory can be fitted below 
the Analyser display unit. 

Fixed Frequency Changer, for 300 kHz. 
TM 6467/1 for 3·1 MHz: These can be 
fitted inside the Analyser for tho benefit 
of users who wish to display a signal 
of one particular frequency. It allows 
the Spectrum Analyser to accept a 
fixed-frequency signal at a separate 
inlet without the necessity of adjusting 
the tuning controls. 
Camera Mounting Hood: Fits readily in 
p lace of the n0 rmal c.r.t. surround and. is 
intended to accommodate a recording 
camera. A viewing aperture allow~ the 
trace to be viewed and photographed 
simultaneously. 

Trolley : Sloping top, 2 feet high. 95 lb. 

Base Plate Assembly : Steel plate w ith 
6 anti -vibration mountings. For fitting 
between instrument and trolley or bench. 

R. F. Fuse Unit: Overload protection. 
burns out at 90 mA. i.e. 6·75 volts. Con
nectors : Type BNC. Fuse: i'r amp. 
Littclluse Cat. No. 361.062; 10 spares 
are supplied. 
It can be plugged in series with the 
input to the Analyser or L.F. Extension 
Unit to protect the input attenuators 
from damage through the accidental 
application of high r.f. or h.t. voltDges. 
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Monochrome and colour 
television transmission system measurement 

Monochrome test methods 
The use of a sine square pu lse is an important method 

of determining the amplitude/frequency and phase/ 
frequency characteristic of a system through which it has 
passed. A sine squared pulse as shown in Fig. 1 is pro
duced by applying a narrow pulse of some 20 nsec 
duration to a fi lter of the maximally flat delay type. This 
filter is designed to produce a sine squared pulse whose 
ha lf amplitude duration (h.a.d.) is equal to one half period 
of the nominal cut -off frequency of the system. This is 
known as a 'T" pulse. 

0· 9 ± 0·5'(, 

HALF-AMPLITUDE DURATION 

•os LINES : 167 1TI. 334 ( 2T ) n stc i3 ' (, 
6 25 LINES : lOO( T), 200 (2 T) n stc t.3'(, 

SO'(, 

100 ' (, 
(0 ·7VI 

Fig. 1. Sine squared pulse showing shape and size of overshoots. 

In the case of a 625 line system. with a bandwidth of 
5 MHz. T = 1 I (2f) = 100 nsec. This pu lse is 6 dB down at 
5 MHz and fa lls to zero at 10 MHz. The spectrum of th is 
pu lse (see Fig. 2) is such that it w ill only ind icate distor
tion occurring w ithin the band of interest, in this case 
10 MHz. If the sine squared pu lse is passed through a 
system w ith a falling frequency/response characteristic 
but linear frequency/phase characteristic. the received 
pulse is reduced in height. Should phase/ frequency 
distortion be present the pulse acquires rings due to the 
incorrect time arrival of the components of the pulse . 
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Fig. 2. Spectrum of a sine-squared pulse. 
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In order to check the low frequency response a bar 
waveform is used. and this waveform is also fed through 
the same filter. This indicates. if it departs from constant 
amplitude when fed through a system. that amplitude
frequency and/or phase-frequency distortion exists in the 
lower part of the frequency spectrum down to the line 
repeti tion rate. The duration of this bar is nominally 40 µsec 
for 405 lines and 25 µsec for 625 lines. The composite 
signal is shown in Fig. 1. In addition to these waveforms 
it is common to produce a 50 Hz square wave on line 
synchronizing pulses. This waveform indicates distortion 
in the region between the line and field frequencies. The 
transitions are smoothed by feeding this waveform through 
the same fil ter as produced the sine squared pulse and bar. 

These waveforms are capable of measuring with a high 
degree of accuracy the forms of distortion mentioned. 
However. ca re should be taken that the display device is 
free from distortion before testing commences. Tests 
should also be made to determine that the system .to be 
tested is free from non-linearity which would. if present, 
make the correct interpretation of the results impossible. 

Measurement of linearity 
Linearity may be measured using either the stai rcase or 

sawtooth waveform. The number of steps in the stai rcase 
may be from f ive to ten. This enables the linearity to be 
measured at the extremes of average picture level. 
An advantage of the staircase over the sawtooth waveform 
is that when it is differentiated and filtered the spikes 
resulting from the risers of the staircase show. by their 
departure from constant height. the degree of non
linearity. The generator which produces the full - line 

Fig. 3. Monochrome sine squared pulse and bar. 

version of the staircase waveform can usually also produce 
a signal consisting of one line of staircase followed by three 
lines of black level. another staircase and then three lines 
of peak white level. This enables the linearity to be 
measured at the extremes of average picture level. 

Differentia l Gain 
Alternatively. a high frequency sine wave can be 

superimposed on the sawtooth (or staircase). The output 
waveform from the network under test is passed through a 
high pass filter (which eliminates the sawtooth or 
staircase components) and a detector before appli cation 
to the Y input of the oscilloscope-see Fig. 4. The 
vertical deflection at any instant is then directly propor-
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Fig. 4. 

tional to the response of the network. so that a perfectly 
linear amplitude/response characteristic would produce 
a horizontal straight line on the c.r. t. screen. any deviation 
above or below this line being a measure of the non
linearity of the system. 

This is known as the differential ga in method of 
measurement and it is the method that is most suitable 
for non-linearity tests of television transmission systems. 

Measurement of Relative Phase 
Differential phase may be measured by an extension 

of the above method using additional equipmen t which 
compares the phase of the sine wave on each step of a 
stai rcase with the phase at black level. 

With the adoption of the PAL system in the United 
Kingdom. differential phase may be less important as a 
routine measurement on complete transmission systems 
but where NTSC signals are conveyed this is still a most 
important parameter. In the design of television equipment 
the measurement of differential phase is needed on both 
systems to ensure that it is kept to a minimum. 

Testing colour television systems 
These test signals have proved adequate with mono

chrome systems but with colour the amount of information 
that is obtained by the normal sine squared pulse in the 
sub-carrier region is quite small. In order to improve the 
avai lable information about the upper end of the fre~ 
quency band a new sine squared pulse waveform had to 
be devised. 

Chrominance sine squared pulse and bar 
The specification for the PAL colour system used in the 

United Kingdom calls for a chrominance bandwidth of 
1 MHz. In order to cover this region a sine squared pulse 
with an h.a.d. of 1 µsec, which has a spectrum of 1 MHz. 
is produced with the normal filter. This signal together 
with a bar is modulated onto the sub-carrier. The re-

Fig. 5. Chrominance sine squared pulse and bar. 
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su iting signal is then added to a pedestal to produce the 
complete waveform, as shown in Fig. 5. which may be 
used to examine the sub-carrier region of the video 
band. 

Combined luminance and chrominance pu lse and bar 
In order to make measurements in the region occupied 

by the luminance signal as well as that occupied by the 
chrominance signal the chrominance sine squared pulse 
and bar is added to the modulating waveform which, when 
correctly proportioned and timed. produces the waveform 
of Fig. 6. It will be seen that the spectrum of this combined 
signal has the distribution shown in Fig. 7. When this 
combined signal is passed through a system which has 
unequal gain in the luminance region compared with that 
in the chrominance region the combined pulse and bar 
becomes distorted as shown in Fig. 8. 

Where the delay between luminance and chrominance 
regions is unequal the test signal becomes distorted in 
the manner shown in Fig. 9 owinQ to the incorrect time 
arrival of the components comprising the waveform. 

Fig. 6. Combined luminance and chrominance sine squared pulse 
and bar. 

When the distortion is of an amount shown in Figs. 5 
and 6 it is easily detected, but in cases where the amount 
is small, say of the order of 0·5 dB and 10 i.LSec. this needs a 
more elegant method to measure it accurately. A system 
proposed by the 8.8.C. enables this to be achieved. In 
this. the combined pulse and bar waveform is fed to the 
equipment under test. The output signal from the equip
ment is fed to an instrument which splits the signal into 
its luminance and chrominance parts. The luminance 
signal is delayed or advanced by a known amount relative 
to the chrominance signal in the reverse fashion to the 
distortion in the equipment on test. so annulling the effect 
of the luminance to chrominance delay inequality. The 
amount of lead or lag necessary to bring the pulse back to 
its original shape may then be read off tl1e instrument. 
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Colour Gain and Delay Test Set type TF 2904 is based 
on this 8 .8.C. design. 
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Fig. 7. Spectrum of combined luminance and chrominance sine 
squared pulse and bar. 

Fig. 8. Gain inequality indicated by combined luminance and 
chrominance sine squared pulse and bar. 

Fig. 9. Delay inequality indica ted by the combined luminance and 
c/1rominance sine squared pulse and bar. 

Vertical interval testing 
With increasing television programme hours and the 

use of repeater transmitters to fil l in low signal areas in the 
u.h.f. bands a test signal is necessary which can be 
included with the programme signal. This signal is inserted 
into the field blanking interval on one line in each field. 
Such signals have been variously known as "test line 
signals" and "vertical interval test signals" (VITS). whilst 
the CCI R study group recommend the term "insertion 
signals". 

For international use the lines 17 and 330. that is one 
line in each field. should carry the insertion signal. The 
higher amplitude parts of the signal should occur at the 
beginning and end of the line to minimise its visual effect 
should the signal become visible on the receiver. The 
addition of a test signal in the field interval enables the 
performance of the complete chain of equipment to be 
monitored whilst the programme is transmitted. 

With translater stations. which may be unmanned. the 
insertion signal is often monitored by a receiver which 
compares the transmitted signal with the signal at the 
input to the transmitter and is arranged to switch to 
standby equipment. or to give a remote indication in the 
event of a performance below a predetermined level. In 
order to measure as much as possible with a single line of 
test signal the size of the bar is reduced to 10 1.1.sec and a 
2T sine squared pulse plus a five step staircase is used
see Fig. 10. Th is enables tests of the mid -frequencies. high 
frequencies. and linearity to be made with only one line of 
test signal. 

Sine Squared Pulse and Bar Generators type TF 2904/5 
and TF 2905/5 may be used for this purpose. 

Fig. 70. Monochrome insertion signal for 625 lines. 
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~elevision Measuring Equipment 

Title and Type Number 

Sine-Squared Pulse and Bar Generator TF 2905/4 and TF 2905/5 

Sine-Squared Pulse and Bar Generator TF 2905/8 & 9 

Colour Gain and Delay Test Set TF 2904 series 

Blanking and Sync. Mixer TF 2908 

Transmitter Sideband Analyser TF 2360R 

20 MHz Sweep Generator TF 1099 
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Rack 
Mounting Kit 

TM 9712 

TM 9712/2 

TM 9743 

TM 9746 

TM 7943 

Pages 

{106-107 
108- 109 

11~113 

114 

115 

116- 119 

120-121 



Sine-Squared Pulse and Bar Generator 

D Generates bar, sin2 pulse, and staircase or sawtooth. 

D For 405- and 625-line monochrome systems. 

D For 625-line colour systems. 

D Triggered internally from crystal oscillator or externally 

from television studio system. 

Pul .. Ampllu1<i• 

• T1 f r, • ... .,, 
~C~oe . j Ga 

-;r • • • ®l J 
I '~~·I { :l'°T• 

Output 
••b L1 rr~•' h1t• 

e crry 

SINE SQUA!\ED PULSE AND BAR GENERATOR TF2905/4 
Mlt~COJ'U lf.lli>l'ftUMtrvu l 'tP 

TF 2905/4 generates standard monochrome and colour 
test waveforms conforming to the recommendations o'f 
the E.B.U. The waveforms are suitable for genera l 
performance tests on television transmission systems or 
for use as insertion (V.l.T.S.) signals for continuous 
monitoring. 

Test Waveforms 

Three types of waveform are available from the 
instrument. selection of test waveform and of line standard 
(405 or 625) being made by a single switch. 

Waveform for l.f. response measurement 

For low-frequency response analysis the generator 
produces a 50 Hz square wave superimposed upon, but 
riot synchronised with. a train of line sync pulses. 

Waveform for general assessment (monochrome) 
wich internal trigger 
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For general K factor assessment on monochrome 
systems a line waveform is available comprising a sin2 pu lse 
(switchable to T or 2T), and a staircase or- as an 
optional modification- a sawtooth. 

Colour test signal for 625-line systems 

The instrument also provides a 625- line colour version 
of the bar. pulse. and staircase waveform which includes 
a colour burst. an additional colour sin 2 pulse (switchable 
to 10T or 20T). and sub-carrier added to the staircase or 
sawtooth. Provision is made for inserting an externa lly 
generated sub-carrier (instead of the internal one) if 
desired. 

Osci lloscope Trigger Output 
In addition to the test waveform an osci ll oscope trigger 

pu lse is available from a separate outlet. This pulse is 
coincident in time with the bar component of the line 
waveform. When the 50 Hz square-wave test signal is 
being used the square wave also appears at the trigger 
outlet. 



Waveform Triggering 
As an independent source, for measurements on trans

missio'n links. etc., the TF 2905/4 delivers its l ine waveform 
at a stable repetition frequency, which is controlled by an 
internal crystal oscillator. 

Monochrome insertion waveform from external trigger 

TELEVISION SYSTEMS 

MASTER OSCILLATOR 

COLOUR BURST 

405 lines. 50 fields/sec. 
625 lines. 50 fields/sec. 
Standard negative-going sync pulses. 

Crystal controlled for each line system. 

Duration 2·3 :l: 0·2 µsec. 
Amplit ude Adjustable from 0·25 to 0·35 volts p-p. 

Normally set to 0·3 volts :l: 3%. 

BAR WAVEFORM 
Amplitude Adjustable hom 0 to 0·9 volts p-p. 

Normally set to 0·7 volts. 

Duration (405 lines) Adjustable from 12 to 43 11sec. 
Duration (625 lines) - Adjustable from 9 to 43 11sec. 

Tilt Flat to within :l: O· 2% ignoring the first and 
last µsec. 

MONOCHROME 
SINE-SQUARED PULSE 

T pulse, 405 lines 
2T pulse, 405 lines 
T pulse, 625 lines 

2T pulse, 625 lines 
A~plitude 

First overshoot 
Second overshoot 

Jitte• 

Long-term stability 

COLOUR SINE-SQUARED 
PULSE 

10T pulse 
20T pulse 
Amplitude 

First overshoot 
Second overshoot 

STAIRCASE WAVEFORM 
Amplitude 

Number of steps 
Step duration 

Linearity 

SAWTOOTH WAVEFORM 
(optional In place of staircase) 

Amplitude 

Duration 
Linearity 

SQUARE WAVEFORM 

167 nsoc ± 3% half amplitude duration. 
334 nsec ± 3% half amplitude duration. 
100 nsec :I: 3% half amplitude duration. 
200 nsec ± 3% hall amplitude duration. 
Adjustable from 0·6 10 0·8 volts p-p. 
Normally sot to give pulse/bar ratio ol unity. 
0·9% :!: 0·5% of pulse amplitude. 
0·4% :I: 0·25% of pulse amplitude. 
Not greater than 1 nsec with respect to 
the bar trailing edge. 
Better than 1 % of half amplitude duration. 

1 µsec :I: 2% half amplitude duration. 
2 µsec± 2% hall amplitude duration. 
Variable from 0·6 to 0 ·8 volts p-p. 
Normally set to give pulse/bar ratio of 
unity. 
0 ·9% ± 0·5% of pulse amplitude. 
0·4% ± 0·2% of pulse amplitude. 

Adjustable from 0·65 to 0·75 volts p·p. 
Normally set for staircase/bar ratio of 
unity. 
Adjustable from 5 to 10. 
Adjustable lrom 2·3 to 5 µsec. 
Better than :I: 0·5% with respect to 
amplitude of complete waveform. 

Adjustable from 0·65 to 0·75 volts p-p. 
Normally set for sawtooth/bar ratio of 
unity. 
Adjustable from 20 to 40 µsec. 
Better than ± 2% with respect to 
amplitude of complete waveform. 

Frequency 50 Hz :I: 3 Hz. 
Amplitude Adjustable from 0·65 to 0·75 volts p-p. 

Normally set to O· 7 volts. 
Tilt Better than ± 0·25% with respect to 

amplitude of complete waveform. 

TF 2905/4 

Provision is made, how ever, for triggering from ex
ternally generated line pulses or f rom a field insertion 
unit. When used in thi s way. the instrument produces a 
complete line w aveform- consisting of the bar, pu lse, 
and staircase or sawtooth-but the waveform does not 
contain line sync pulses, w hich would normally be added 
by the stud io equipment. 

To facilitate the addition of studio blanking and sync 
pulses the generator can be used in conjunction with a 
Marconi Instruments Blanking and Sync M ixer TF 2908. 

SYNC PULSE 
Within 1% of system line frequency. 
Adjustable from 0·25 to 0·35 volts p-p. 
Normally set to 0·3 volts. 

Repetition frequency 
Amplitude 

Duration 10 µsec on·405-line system. 
6·.4 µsec on 625-line system. 

SUB-CARRIER 

OUTPUT 

Internal Frequency Set to 4·43361875 MHz :I: 5 Hz. 
(Variation with temperature: less than 
± 100 Hz 10° to 35°C.) 

Harmonic content• Less than 1 %. 
External frequency 4·43361875 M Hz± 5 Hz. 

External voltage 1 volt p-p. (Input impedance 75 n 
nominal.) 

Sub-carrier leakage At least 40 dB suppression relative to 
amplitude of complete waveform. 

(complete waveform) 
Amplitude Complete waveform adjustable from 0·7 to 

1 ·4 volts p-p. 
Normally se t to 1 volt including sync (or 
0·7 volts excluding sync). 

Residual Amplitude less than 0 ·5% of the comple te 
disturbances waveform. 

Impedance 75 n. Return loss ratio better than 30 dB 
between 50 Hz and 10 MHz. 

TRIGGER INPUT 
(triggered condition) 

Amplitude 0·7 to 1 ·5 volts p-p. 
Impedance 75 n. 

TRIGGER OUTPUT 
(internal and 50 Hz 
conditions) Amplitude 1 volt p-p nominal into high impedance. 

Impedance 1 kO source. 

POWER REQUIREMENTS 
A.C. mains I 95 to 130 and 190 to 264 volts. 45 to 

65 Hz 15 VA. 

DIM ENSIONS AND 
WEIGHT 

Height 
7! in 

19·4 cm 

Width 
18!- in 
47 cm 

Depth 
14 in 

35·2 cm 

Weight 
20 lb 
9 kg 

ACCESSORIES . 
Supplied TM 8658 Extension printed board (attached to 

lowor innerside of case). 
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Sine-Squared Pulse and Bar Generator 

D Generates bar, sin2 pulse, and staircase or sawtooth. 

D For 525-line monochrome or colour television systems. 

D Triggered internally from crystal oscillator or externally 

from television studio equipment. 

Put'•~itude 
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SINE SQUARED PULSE ANO BAR GENERATOR TF290S/5 
'1AKOM tNSJIW"1tHTS LTD 

The TF 2905 generates a composite test line waveform 
suitable for general performance measuremen t on 525-line 
television transmission systems or for use as an insertion 
(V. l.T.S.) signa l for continuous monitoring. It is applicable 
to both monochrome and colour systems. 

Test Waveforms 

Three types of test waveform are available from the 
instrument. selection being made by means of a single 
switch. 

Waveform for l.f. response measurement 

For low-frequency response analysis. the generator 
produces a 60 Hz square wave superimposed upon. but 
not synchronised with . a train of line sync pulses. 
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Waveform for general assessmelll (monochrome) 
with internal trigger 

For genera l K factor assessment on monochrome systems 
a line waveform is ava ilable comprising a sync pulse. a 
bar. a sin 2 pulse (switchable to T/2. T. or 2T) . and a 
staircase or-as an optiona l modification- a sawtooth. 

Colour test signal for 525-line svsrems 



The instrument can also be switched to deliver a 
modified insertion w aveform suitable for monitoring 
colour systems. In this waveform a colour burst and a 
coloursin 2 pu lse (switchable to 1 OT or 20T) are introduced 
and sub-carrier is added to the stai rcase or sawtooth. 
Provision is made for using an externally generated 
colour sub-carrier instead of the internal one if desired. 

Oscilloscope Trigger Output 

In addi tion to the test waveform an oscilloscope trigger 
pu lse is available from a separate outlet. This pulse is 
coincident in time w ith the bar component of the line 
waveform. When the 60 Hz square-wave test signal is 
being used the square wave also appears at the trigger 
outlet. 

Waveform Triggering 

As an independent source. for measurements on trans
mission links. etc .. the TF 2905/5 del ivers its line wave
form at a stable repetition frequency, which is control led 
by an interna l crystal osci llator. 

TELEVISION SYSTEMS 

MASTER OSCILLATOR 

COLOUR BURST 

525 lines. 60 fi elds/ sec. 

Crystal controlled at line frequency. 

Duration 2·64 ± 0·2 µsec. 
Amplitude Adjustable from 0 ·25 to 0·35 volts p-p. 

BAR WAVEFORM 
Amplitude 

Duration 
Tilt 

MONOCHROME 
SINE-SQUARE PULSE 

T/2 pulse 
T pulse 

2T pulse 
Amplitude 

First overshoot 
Second overshoot 

Jitter 

Long-term stability 

COLOUR SINE-SQUARED 
PULSE 

10T pulse 
20T pulse· 
Amplitude 

First overshoot 
Second overshoot 

STAIRCASE WAVEFORM 
Amplitude 

Number of steps 
Step duration 

Linearity 

SAWTOOTH WAVEFORM 
(optional In place of staircase) 

Amplitude 

Duration 
Linearity 

SQUARE WAVEFORM 
Frequency 
Amplitude 

Tift 

Normally set to 0·3 volts ± 3%. 

Adjustable from 9 to 43 1•sec. 
Normally set to 0·7 volts p-p. 
Adjustable from 9 to 43 1•sec. 
Flat to within ± 0·2% ignoring the first 
and last 1isec. 

62·5 nsec ± 3% half ampli1ude duration. 
125 nsec ± 3% half ampli1ude duration. 
250 nsec ± 3% half amplitude duration. 
Adjustable from 0·6 to 0·8 volts p-p. 
Normally set to give pulse/bar ratio of 
unity. 
0·9% ± 0·5% of pulse amplitude. 
0 ·4% ± 0·25% of pulse amplitude. 
Not greater than 1 nsec w ilh respect to 
the bar trailing edge. 
Better than 1 % of half amplitude duration. 

1 ·25 itsec ± 2% h'11f amplitude.duration . 
2·5 µsec ± 2% half amplitude duration. 
Variable from 0 ·6 to O·S volts p-p. 
Normally set to give pulse/bar ratio of 
unity. 
0 ·9% ± 0·5% of pulse amplitude. 
0·4% ± 0 ·2% of pulse amplitude. 

Adjustable from 0·65 to 0·75 volts p-p. 
Normally set for staircase/bar ratio of 
unity. 
Adjustable from 5 to 10. 
Adjustable from 2 ·3 to 5 tLsec. 
Better than ± 0·5% w ith respect to 
amplitude of complete w aveform. 

Adjustable from 0 ·65 to 0·75 volts p-p, 
Normally set for sawtoo th/bar ratio of 
unity. 
Adjustable from 20 to 40 µsec. 
Better than ± 2% w ith respect to amplitude 
of complete waveform. 

60 Hz± 3Hz. 
Adjustable from 0·65 to 0·75 volts p-p. 
Normally set to O· 7 volts. 
Better than ± 0·25% w ith respect to 
amplitude of complete w aveform. 

TF 2905/5 

Monochrome insenion waveform from excernal crigger 

Provision is made. however, for triggering from externally 
generated line pulses or from a field insertion unit. When 
used in th is way, the instrument produces a complete 
line waveform- consisting of the bar, pulse, and sta ircase 
or sawtooth- but the waveform does not conta in line 
sync pulses. which wou ld normally be added by the 
studio equipment. 

To faci litate the addition of studio blanking and sync 
pulses the generator can be used in conjunction with a 
M arconi Instruments Blanking and Sync Mixer TF 2908. 

SET-UP (Pedestal) 
Amplitude Adjustable from 0 to 1 volt p-p. 

Normally set to 0·05 volts. 
Duration Adjustable from 48 to 57 tLsec. 

Normally set to 52·4 1Lsec. 

SYNC PULSE 
Repetition frequency• Within 1% of system line frequency. 

Amplitude Adjustable from 0 ·23 to 0 ·33 volts p-p. 
Duration 4·76 µsec. 

SUB-CARRIER 

OUTPUT 

Internal frequency· 

Harmonic content 
External frequency 

External voltage 

Sub-carrier leakage 

Set to 3·57954 MHz ± 5 Hz. 
(Variation with temperature: less than 
± 100Hz10° to 35°C.) 
Less than 1 %. 
3·57954 MHz :!: 5 Hz. 
1 volt p-p. (Input impedance 75 0 
nominal.) 
At least 40 dB suppression relative to 
amplitude of complete waveform. 

(complete waveform) 
Amplitude Complete waveform adjustable from 0·7 to 

1 ·4 volts p-p. 
Normally set to 1 volt including sync (or 
0 ·7 volts excluding sync). 

Residual Amplitude less than 0 ·5% of the complete 
disturbances waveform. 

Impedance 75 n. Return loss ratio better than 30 dB 
between 50 Hz and 10 MHz. 

TRIGGER INPUT 
(triggered condition) 

Amplitude 0·7 to 1 ·5 volts p ·p. 
Impedance 75 0 . 

TRIGGER OUTPUT 
Amplitude (internal) 1 volt p-p nominal into high impedance. 
Amplitude (60 Hz) 0·5 volts p-p nominal into high impedance. 

POWER REQU
0

IREMENTS 
A.C. Mains. 95 to 130 and 190 to 264 volts. 45 to 

65 Hz 15 VA. 

DIMENSIONS ANO 
WEIGHT 

ACCESSORIES 
Supplied 
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Height 
71 in 

19·4 cm 

Width 
181; in 
47 cm 

Depth 
14 in 

35·2 cm 

Weight 
20 lb 
9 kg 

TM 8658 Extension printed board (attached to lower 
innerside of case). 



Sine-Squared Pulse & Bar Generator 

D Generates sin2 pulse and b~r waveforms for monochrome and colour. 

D Conforms with British Post Office recommendations. 

D Triggered internally from crystal oscillator or externally from television studio equipment. 

D TF 2905/8 for 625 line systems; TF 2905/9 for 525 line systems. 

This sine-squared pulse and bar generator provides four 
switch-selected test waveforms. which cover the require
ments for accurate K factor measurement as recommended 
by the British Post Office. Two versions are available: 
TF 2905/8 for 625 line 50 fields/sec systems. and . 
TF 2905/9 for 525 line 60 fields/sec systems. 

us 

SOHt 
l•/~ 

l M!/ClwoM 
l..tfltfo ...... - o.oor 

o.tput ..... 
i.-• 

~· ~ • • 0-- . . 
c ..... 

lnl frfoter.d 

The two versions are basically similar and are suitable 
for commissioning and maintenance tests on transmission 
systems in the absence of a picture signal or for generation 
of an insertion waveform for continuous monitoring. 
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625 line Monochrome Waveform 
TF 2905/8 

525 line Monochrome Waveform 
TF 2905/9 

Chrominance Waveform 
on Pedestal. 625 line 
TF 2905/8 

Chrominance Waveform 
on Pedesral. 525 line 
TF 2905/9 

Combined Luminance and 
Chrominance. 625 line 
TF 2905!8 

Combined Luminance 
Chrominance. 525 line 
TF 2905!9 
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TF 2905/8 &/9 

Test Waveforms 
For low frequency response analysis the generator 

produces a square wave at the mains supply frequency. 
This is superimposed upon. but not synchronised with, 
a train of internally generated line sync pulses-with 
set-up on the 525 line version. When the instrument is 
used with external composite sync (see Waveform 
Triggering) the square wave is synchronised with the 
incoming sync pulses from the studio system. It can be 
made asynchronous by connecting an internal link. 

For monochrome K factor assessment. a line waveform 
is available comprising a sin2 pulse (switchable T or 2T) 
and bar on sync pulses. This waveform includes a second, 
inverted, sin2 pulse during the bar period, used mainly for 
checking quadrature distortion on suppressed sideband 
systems. Provision is made for removing this inverted 
pulse by disconnection of an internal link. 

Two testlinewaveforms are obtainable for measurements 
on colour transmission systems. Both of these are based 
on a chrominance sin2 pulse and bar sequence com
prising a 10 cycle sub-carrier burst. vvith a sub-carrier 
modulated sin2 pulse and bar (switchable to 5T. 1 OT, or 
20T). The sub-carrier is normally derived from a crystal 
controlled oscillator at the appropriate frequency, but 
provision is also made for inserting an externally generated 
sub-carrier. 

The instrument can be switched to del iver the chromi
na nce waveform only or a combined lull'linance and 
chrominance waveform for such measurements as 
luminance to chrominance gain and delay inequalities. 
where the generator is used in conjunction with a Colour 
Gain and Delay Test Set (M.I. TF 2904 series). 

Oscilloscope Trigger Output 

In addition to the test waveforms. an oscilloscope trigger 
pulse is available from a separate outlet. Oscilloscope 
trigger pulses are coincident in time with the sin2 pulse 
and the inverted pulse. an arrangement which has the. 
advantage that. by selection of appropriate sweep times, 
the oscilloscope can be set to display either a single 
coherent facsimile of the test waveform or a double 
overlapping facsimile in which any sag on the bar is 
easily measurable. 

When the squarewave test waveform is used. the 
squarewave also appears at the trigger outlet. 

Waveform Triggering 

As an independent source- for measurements on trans
mission links. etc. the generator delivers its line waveform 
at a stable repetition frequency derived from a crystal 
osci 11 a tor. 

Provision is made. however. for external triggering; 
e.g .. from line drive, from a field insertion uni( or from 
studio generated line pulses. Maximum flexibility is 
afforded by provision for either utilisjng the internally 
generated line sync pulses or injecting blanking and sync 
pulses from the studio equipment. The instrument contains 
a buil t -in mixer circuit for this purpose. Internally or 
externally generated sync pulses can be removed from the 
output waveform by operation of a front panel switch. 



TELEVISION 
SYSTEMS 

TF 2905/8 625 line monochrome 
625 line colour w ith sub-carrier 
frequency 4·43361875 MHz 
50 fields/sec. 

TF 2905/9 525 line monochrome 
525 line colour with sub-carrier 
frequency 3·579545 MHz 
60 fields/sec. 

MASTER 
OSCILLATORS 

Line repetition TF 2905/8: 15·625 kHz derived. via 
divider circuit. from 125 kHz 
crystal oscillator. 
TF 2905/9: 15·75 kHz derived via 
divider circuit from 126 kHz 
crystal oscillator. 

Sub-carrier ' TF 2905/8: crystal controlled at 
4·3361875 MHz ± 5 Hz at 20°C, 
± 100 Hz over range 2 ° to 40 •c. 
TF 2905/9: crystal controlled at 
3·579545 MHz ± 5 Hz at 20 °c. 
± 100 Hz over range 2 • to 40 •c . 

SINE-SQUARED 
PULSE 

T pulse, monochrome TF 2905/8: 100 nsec ± 2% h.a.d. 
TF 2905/9: 125 nsec ± 2% h.a.d. 

2T pulse, monochrome TF 2905/8: 200 nsec ± 2% h.a.d. 
TF 2905/9: 250 nsec ± 2% h.a.d. 

5T pulse, colour TF 2905/8: 500 nsec ± 2% h.a.d. 
TF 2905/9: 625 nsec ± 2% h.a.d. 

10T pulse, colour TF 2905/8: 1000 nsec ± 2% h.a.d. 
TF 2905/9: 1250 nsec ± 2% h.a.d. 

20T pulse, colour TF 2905/8: 2000 nsec ± 2% h.a.d. 
TF 2905/9: 2500 nsec ± 2% h.a.d. 

Amplitude Adjustable from 0·65 to 0·75 volts 
p-p. 
Normally set to give pulse/bar 
ratio of unity. 

First overshoot 0·9% ± 0·5% of pulse amplitude. 

Second overshoot 0·4% ± 0·25% of pulse amplitude. 

TF 2905/8 &/9 

BAR WAVEFORM 
Amplitude Adjustable from 0 ·65 to O· 75 volts 

p-p. 
Normally set to 0·7 volts ± 2%. 

Duration 25 µsec ± 5% h.c..d. 

Tilt Less than ± 0·2% relative to 
amplitude at middle of bar. 
ignoring first and last 0·625 µsec. 

Edge Shape Sine-squared (T or 2T mono. 
5T. 1 OT. or 20T colour) as for 
corresponding sine squared pulse. 

Rise and decay times 0·96 of h.a.d. of corresponding 
sine-squared pulse. 

Corners Free of exponential distortion on 
all four corners. 

Overshoot Less than 0·5% relative to 
amplitude at middle of bar. 
Decays to less than 0·2% wic tl in 
0·625 p.sec of half amplitude 
point of edge. 

LUMINANCE/ 
CHROMINANCE GAIN 
(Pulse and bar) 

Inequality Adjustable from -5% to +5%. 
Normally set to zero. 

Stabil ity Better than ± 1 % over range 2 ° 
to 4o•c .. 

LUMINANCE/ 
CHROMINANCE 
DELAY 
(Pulse and bar) 

Inequality Adjustable from - 10 10 

+ 10 nsec. 
Normally set to zero. 

Stability Better than ± ·3 nsec over range 2 ° 
to 4o•c. 

COLOUR BURST 
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Amplitude Adjustable from 0 to 0·35 volts p-p. 
Normally set to 0·3 volts. 

Duration TF 2905/8: 10 cycles ± 1 cycle. 
TF 2905/9: 9 cycles ± 1 cycle. 

Phase Phase angle relative to pulse and 
bar is zero at all temperatures. 



PEDESTAL 
Amplitude Adjustable from 0:3 to 0-4 vol ts. 

Normally set to 0·35 volts ± 1 %. 

Duration 52 ILSec ± 5%. 

Edge Shape T or 2T sine squared shapes. 

SET UP (TF 2905/9 
only) 

Amplitude 0·05 volts. 

Duration 52 µsec :r 5%. 
Edge Shape T or 2T sine square shapes. 

SQUARE WAVE 
(asynchronous) 

Frequency TF 2905/8: 50 Hz. 
TF 2905/9: 60 Hz. 

Amplitude Adiustable from 0·65 to 0·75 
volts p-p. Normally set to 0·7 vol ts 
± 1%. 

Duration For each half cycle. 
TF 2905/8: 10 msec ± 5% h.a.d. 
TF 2905/9: 8 ·3 msec ± 5% 11.a.d. 

Tilt Less than -1: 0·25% of square wave 
amplitude (measured from mid 
points at white and black levels). 

Line bar edges T or 2T sine squared shape. 

SYNC PULSE 

OUTPUT 

Amplitude Adjustable from 0·25 to 0·35 volts 
p-p. Normally set to 0·3 volts p-p 
± 2% on TF 2905/8 and to 
0·25 volts on TF 2905/9. 

Duration TF 2905/8: 4·7 µsec ± 5%. 
TF 2905/9: 4·76 µsec± 5%. 

Edge shape Approximately sine squared with 
rise and decay times. 
0·3 µsec ± 0· 1 µsec for TF 2905/6. 
and 0·25 ii.sec ± 0·1 µsec for 
TF 2905/9. 

Amplitude Complete waveform adjustable 
from 0·9 to 1 ·1 volts p-p. 
Normally set to 1 volt ± 1 %. 

Impedance 75!1. Return loss greater than 
30 dB between 50 Hz and 10 MHz. 
Reduction to 20 dB does not 
change shape of waveform. 

TF 2905/8 &/9 

Jitter Not greater than 1 nsec relative to 
trailing edge of sync pulse. 

Random h.f. noise Less than - 50 dB (rei 0·7 volts) 
when bandwidth is restricted by 
low-pass filter (fc = 5·8 MHz.) 

Hum Less than - 50 dB (ref 0·7 volts). 

Sub-carrier leak Measured at blanking level. less 
than - 46 dB (ref 0·7 volts) at 
20 °C. Less than - 40 dB over 
range 2 ° to 40 °C. 

Residual disturbances Less than 1 % of picture signal 
amplitude. 

TRIGGER OUTPUT 
Sine-squared 

pulse and bar 5 volts p-p e.m.f. 

Squarewave 10 volts p-p e.m.f. 

Impedance 3·5 k!1 nominal. 

INPUT WAVEFORM 
REQU IREMENTS 

Burst gate 2 to 6 volts p-p. 

Sub-carrier 1 volt p-p nominal. 

Blanking 2 to 6 volts p-p. 

Sync pulses 2 to 6 volts p-p. 
Input impedance Internally or externally terminated: 
(all waveforms) 750. Return loss: greater than 

30 dB up to 5 MHz. 

POWER 
REQUIREMENTS 

A.C. mains 95 to 130 volts and 190 to 264 
volts. 45 to 65 Hz. 23 VA. 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Optional 

Height Width Depth Weight 
7iin 1 8~in 13;\-in 21 lb. 
194 mm 470 mm 352 mm 9·5 kg 

TM 9712/ 2 Rack Mounting Ki t. 
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TF 2 904 Series Colour Gain and Delay Test Set 

0 For NTSC and PAL colour television systems 
D Measures relative gain and delay between luminance 

and chrominance channels 

The Colour Gain and Delay Test Set is for measurement 
of inequalities in gain and delay between the chrominance 
and luminance channels of colour television systems. It is 
based on an original design by the 8.8.C. 

Two versions of the instrument are available: 

TF 2904 - for use with systems having subcarrier fre
quencies in the region of 4·43 MHz: and 

TP 2904/1 - for use with systems having subcarrier fre
quencies in the region of 3·58 MHz. 

The test set is used in conjunction with a sine-squared 
pulse and bar generator giving combined luminance and 

COLOUR GAIN AND DELAY TEST ~ET l r ??0 4 

C.J-.fomioo11ce Detoy In nanoi~cond' 

.. .. •• 

chrominance test waveforms. a suitable oscilloscope also 
being used as the indicator. The measurement is made by 
introducing a calibrated amount of gain or phase inequality 

in the opposite sense to that of the system under investi
gation. the test set being adjusted to produce a ful ly 
equalised display on the oscilloscope. 

Gain inequality can be measured overthe range ± 3 dB. 
and delay inequality over the range 110 nsec lag to 110 
nsec lead by operation of a push-button switch and a 
fine control. There is also a three position switch which 
enables the luminance or chrominance components to be 
displayed separately from the combined waveform. 

1 .. .. -
••••0000000 
\..:___ •• \.._ Leo - ----" ...... 

. r; 
"1AA(OM INST"UME~ 

TELEVISION SYSTEMS 

Type TF 2904 625 line NTSC or PAL with sub-carrier 
frequencyol 4·43 MHz approximately. 

Type TF 2904/1 

GAIN MEASUREMENTS 

Range 

525 line NTSC or PAL with sub-carrier 
frequency o l 3·58 MHz approximately. 

-3 dO to ·I 3 ctB. continuously variable. 
Calibrntoo In 0·5 dB stops. 

Accuracy ±0·1 dB. 

DELAY MEASUREMENTS 

Range 11 0 nscc log to 110 nsec lead by coarse 
and line controls. 

Coarse 100 nscc lag 10 100 nscc lead in 
sw itched 20 nsec steps. 

Fine 10 nscc lag 10 10 nsoc lead continuously 
variable. Cahbrated in 2 nsecsteps. 

Accuracy ± 2 nsec up to 1 0 nsec. 

:t 5 nsoc obovo 20 nsec. 

COMBINED TEST SIGNAL 

Luminance component 

Varies linearly from :t 2 nsec to± 5 nsec 
over tho ronoo 10 nsec to 20 nsec. 

Sine -squared pulse and bar waveform at 
video frequency. 

Chrominance component Sub-caruerwith 100%amplitude 
modulation by sine-squared pulse and 
bar waveform. 

Amplitude 0·35 volts peak-to-peak luminance. 

O· 7 volts peak-10-peak chrominance. 

O· 7 volts peak-to-peak combined 
luminance and chrominance. 

0·3 volts peek-to -peak sync (when 
provided) . 

1 volt peak- to·poak overa ll includ ing 
sync. 

Sine-squared pulse 4Tc (20T) o r 2Tc ( 1 OT) w ith the 
following hell amplitude durations: 

2 µSec or 1 i •sec for 625 lines. 

2·51.secor 1·25µsecfor525 lines. 

INSERTION LOSS OdB. 

IMPEDANCE 

Input 760 nominal. 

Output 76 0 nominal. 

POWER REQUIREMENTS 

A.C. Mains 95 to130 volts and 190to 264 volts. 
4510 65 Hz. 6 VA. 

DIMENSIONS A NO WEIGHT 
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Height 
Gin 

15·3cm 

Width 
18~ in 
47 cm 

Depth 
14 in 

35·5 cm 

Weight 
15 lb 

6·8 kg 



Blanking and Sync Mixer TF2908 

C For 405, 525 and 625 line television systems 

D Reshapes and mixes blanking and sync pulse waveform 
with video test waveform 

The Blanking and Sync Mixer is for use in conjunction 
with an external synchronising-pulse generator and a 
video- test-waveform source to provide a complete com
posite signal for performance measurements on television 
studio and transmission equ ipment. The incoming blanking 

and sync pulses are reshaped and mixed with the video 
test signal to produce a correctly proportioned standard 
level output, so that equ ipment containing clamping or 
d.c. restoring circuits can be checked under normal 
working conditions. 
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MARCONI INSTRUMENTS 1!0 

TELEVISION SYSTEMS 

VIDEO SIGNAL 
Input 

Input Impedance 

Output 

Video gai n 

Frequency response 

Harmonic distortion 

BLANKING PULSES 

Input 

Input Impedance 

Output 

Rise and fall times 

SYNC PULSES 

Input 

I 111>ut Impedance 

Output 

Rise and fall times 

405. 525. and 625 lines. 50 or 60 filed/secs. PERMISSIBLE 
Standard negauve going blanking and IN PUT DISTORTION 
sync 1>ulses. (Blanking and Sync) 

0·6 volts 1>00k· lO·peak maximum. 
Bridged or termina ted in 75 n. 

750 r>ominal terminated. Return loss 
ratio beuor thlll1 30 dB from 25 kHz to 
20 MHz. Greater than 50k !1 un terminated. 

1 ·2 volts peak- to-peak maximum. 

6 dB ·!: 0·3 dB. 

Fla t within 0·2 dB from 25 kHz to 
10 MHz. 

Flat w11hu1 0·3 dB from 25 kHz to 
20 M Hz. 

Less than 2% lllt on 50 Hz square w ave. 

Beller 1han 46 dB below signal level. 

2 volts poak·to-pcak standard level. 
Usable range I to 4 volts peak-to·peak. 
Bndged or terminated in 750. 
75 n nominal terminated. R~turn loss 
rauo belier than 28 dB from 50 Hz to 
5 MHz. Grea ter than 30kQ unterminated. 

Conunuously variable from 0 to 1 ·4 
volts peak-to-peak. 

0·211sec (approx1ma1ely) at output. 

2 volts peak- to-peak standard level. 
Usable rnngo 1 to 4 volts peak- to -peak. 
Bridged or terminated in 75 n. 

75!1 nominal terminated. Re turn loss 
ra tio bettor than 28 dB from 50 Hz to 
5 MHz. Grcntcr 1ha11 30 k 0 
untormina10d. 

Cor111 nuously variable from 0 to 0· 7 
volts poak·to-peak. 

0·2µsec (approximately) al output. 

Hum 

Ringing 

Integration 

COMPOSITE OUTPUT 

Maximum output 
(unanenuated) 

Normal signal 
(unattenuated) 

Peak white signal 
(unattenuated) 

Amplitude adjustment 

Residual disturbances 

Impedance 

OUTPUT ATTENUATOR 

POWER SUPPLY 

A.C. Mains 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES Optional 

115 

Up to 1 volt pcak- to ·peak super-
1mpooed on 2 voh peak-to-peak pulse. 

Up to 50% ringing on 2 volt peak-to
pook pulao. 

Up to ·10 1.LScc rise time on 2 volt 
peak- to·poak pulse. 

2 volts peak- to-peak overall. 
Video pulse must not exceed 1 ·4 volts 
peak-to-peak. as indicated below for a 
normal signal and a peak white signal. 

1 ·2 volts poak-10-peak video. 
0·2 volts sot up. 
0 ·6 volts peak· to-peak sync. 

1 ·4 volts peak- to-peak. blanking 
0·6 volts poak· to-peak sync. 

All above amplitudes can be halved 
( to standard level) by switching m the 
6d8 attenuator. Alternatively, they e<1n 
be set to di fferent standards by 
ad1ustmg the approprrate controls and 
video inpu t. 

On base line. less than 1 % of complete 
w aveform. 
75 !! nominal. Return loss ratio better 
than 30 d B from 25 kHz to 10 MHz. 
Bot tor thall 23dB from 0 to 20 MHz. 

6 dB .~ 0 ·2 d B over the frequency range 
25 kHz lO 20 MHz. 

95 10 130 volts and 190 to 264 volts. 
45 to 65 ~lz. 15 VA. 

Height W idth 
4im 18i 1n 

11 ·8 cm 47 cm 

Depth 
Sin 

20 cm 

Weight 
8~ 1b 

3·85 kg 

TM 9746 Rack Mounting K11. 



T .V . Transmitter Sideband Analyser 

O Covers TV Bands I and Ill 

Cl Converter for Bands IV and V 
I J Suitable for 625-, 525- and 405-line 

systems 

O Measures over-all response of transmitters 

The overal l band -width and side-band characteristics of 
television transmitters in Bands I, 111 , IV and V are quickly 
determined by means of th is equ ipment. w ithout disturbing 
clamping networks. It is equally suitable for systems with 
positive or negative modulation. and for 625 -. 525 -. or 

'::" 

• • • .... 
_,,....,. 

~ 
*"'~ .... 

• 

[] Simultaneous display of upper and lower 
side-bands characteristics 

o Delivers simple sweep or composite signal 

o Also checks video equipment responses 

405-line standards. The lower and upper side-band 
responses are displayed together. in their correct amplitude 
and frequency relationship to the carrier. In addition to 
these main functions. it can also be used for testing 
clamped or unclamped video amplifiers and auxiliaries. 
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Uses 

This Side-band Analyser is used to test the overal l response of a 
television transmitter. but also includes facilities for examining the 
frequency responses of v ideo circuits and equipment. using sweep 
techniques in each case. and providing valid assessments of dynamic 
performance. 

The TF 2360R incorporates a sweep generator which may be 
arranged to sweep symmetrically about zero. or asymmetrically over 
the video band. and when fed with suitable synchronising and blank
ing signals from an external generator. wil l deliver a fully composite 
video signal comprising mixed syncs and blanking. w ith a video 
sweep component centred in amplitude around any given picture 
level: the video sweep may also be obtained wi thout the synchronisa
tion components. 

The test wave-forms thus produced are used as the input to the 
system under test. and the output- a video -modulated carrier in 
the case of transmitters. or a v ideo signal from other equipment-is 
detected and processed for presentation on an oscil loscope. 

Principles of Operation 

For transmitter testing. a composite television wave-form is used. 
so that the transmitter is modulated under condi tions simulating 
those of normal operation. A sample of the transmitter output is fed 
via a broad-band mixer with a swept local oscillator w a receiver 
whose detector delivers a fluctuating d.c. signal which is instantan
eously proportional to one of the side-bands produced by the sweep 
component of the original video input. The same saw-tooth wave
form is used in producing the video sweep. in controll ing the sw ept 
local oscillator. and for the time base of an osci lloscope. The 
detector output is applied to the latter to give the desired response 
indication. 

When video frequency equipment is tested. the detected output 
signal is proportional to the instantaneous level of the sweep com
ponent in the video equipment output. In this case also. the same 
saw-tooth generator controls the video sweep and provides the 
oscil loscope time base. 

In both cases. frequency markers are provided for cal ibrating 
purposes. 

Generation of the Composite Signal 

The mixed blanking input is amplified. and then combined w ith 
the video sweep (the generation of this is described separately) to 
produce a signal comprising the blanking pulses with the video 
superimposed. A clipping network. whose operating level may be 
adjusted both by a black level contro l as well as by the picture level 
control which sets the mean video level. removes the video during 
the blanking periods only. 

TF 2360R 

The mixed syncs input is amplified and l imited. and then passed 
through an inverter stage. which also provides a sync amplitude 
control. before being added to the amplified video and blanking; the 
complete composite signal is delivered via a cathode fol lower stage. 

The blanking is also used for two other purposes: 

Positive pulses are taken from the mixed blanking input amplifier. 
and after further ampli fication are passed through an integrating 
network which attenuates the line blanking component. The field 
blanking component (now in negative pulse form) may then be used 
to lock the saw-tooth oscillator which provides the display unit t ime 
base and contro ls the sweep signals. 

· The blanking pulses in negative form are also amplified. and used 
to paralyse the detector in the video amplifier during the sync/blank
ing periods as mentioned under VIDEO TESTS. 

Transmitter Tests 

A symmetrical sweep condition is normally used when checking 
transmitter response. and the advantage of being able to include the 
blanking and syncs is that t he tests can be made at any level in the 
grey scale without the need of disconnecting black- level clamping 
networks. 

The test signal is generated in the following manner (see also 
GENERATION OF THE COMPOSITE SIGNAL): 

A saw-tooth generator causes an oscillator to sweep symmetrically 
about 130 MHz. the excursion being continuously variable up to at 
least ± 7 MHz. This sweep frequency is mixed wi th another oscillator 
whose frequenc'y is fixed also at 1 30 MHz. so that a difference fre 
quency which sweeps l inearly from 7 MHz to zero and back again to 
7 M Hz is produced. The video sweep is combined w ith the mixed 
syncs and blanking so that in the resultant the sweep. set-up, and 
blanking components are independently adjustable. and the sweep 
repetition is locked at field frequency. The level of the sweep 
component is held within ±0·1 dB throughout the sweep by an 
a.g.c. circuit in the sweep generator. 

The composite signal is set up to standard levels. with the various 
components in the desired proportions. and applied to the trans
mitter, whose output spectrum contains a pair of side-bands which 
move in and out w ith respect to the carrier and in synchronism with 
the sweep. These side-bands are produced by the sweep component. 
and their final ampli tudes are moderated by the overall side-band 
response up to the final output. and by the video circuit responses 
before modulation. 

(In selling up a rransmiuer, the modulator stages would normally be 
checked and aligned firsr. bur ;or routine checking rhis mig/n be 
omiued unless the overall response showed gross abnormalities. 
The TF 2360R incorpora1es means of checking rl1e video circuits.) 
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TF 2360R 

DISPLAY OF OVERALL TRANSMITTER RESPONSE 

I lfoed 
+ Blanking 

Mixed 
Sync 

L. Composite 
Test Signal 

r----, 
I 

Compo i i to 
Signal 

Gen orator I 

I 

T ransmi tier 
Under 
Test 

Marker 
Generator 

Vidoo 
Sweep 

R.F. Ou:p~t-J - - _. 

Frequency 
Swoep 

Gonerating 
Circuits 

Sow-Tooth 
Generator 

R. F. Sw~p 

Time Base 
Drive 

For Bands I and 111 the transmitter signal is fed at low level to a 
broad-band mixer which also receives the swept 130 MHz signal 
used in generating the video !.weep. This combination gives rise to 
mixture products among which is present. at any instant during the 
sweep. a rixed frequency componen t equal in frequency to the 
difference betw een the transmitter carrier frequency and 130 M Hz. 
and proportional in amplitude to the amplitudes of the lower side· 
band due to the sweep when the swept oscillator is below 130 MHz. 
to the amplitudes o f the upper side-band due to the sweep when the 
swept oscil lator is above 130 MHz. and to the carrier amplitude when 
the video sweep is at zero. i.e .. sw ept oscil lator at 130 MHz. ( In 
practice. as the true carrier amplitude is much greater than the side
bands. steps have been taken to avoid masking effects. and the 
.. carrier .. component as displayed may be limited ) The receiver to 
which this fixed frequency component is fed has a range of approxi
mately 40 to 100 M Hz. and as normally adjusted provides a to tal 
coverage or transmitter frequencies from 32 to 88 and from 172 to 
228 MHz. 

For Bands IV and V transmitters. a separate frequency changer is 
used. whose range permits frequencies from 470 to 960 M Hz to be 
coverecl. It is set to produce a convenient frequency w ithin the range 
o f the Bancls I and I l l input. and the same operations as before are 
carried out. 

A fur ther change or frequency is made in the receiver to an i.f. of 
4·5 M Hz. the band-w idth being less than 40 kHz. If desired. an i.f. 
outpu t can be used to give the side-band response. Otherwise. after 
amplification and detection. the final output consists of the fluctuating 
d c. output of the detector. the instantaneous amplitude being pro
portional to the side-band (or carrier) amplitude. This signal is fed to 
an external oscilloscope. and the saw-tooth wave-form which drives 
the swept oscilla tor is also used as the time base or the oscilloscope. 
The oscilloscope display thus presents the full side-band response of 
the transmitter. Variation of the sweep width permits more detailed 
examination near to the carrier. particularly because of the narroyv 
pass-band of the if. amplifier: and variation of the composite signal 
components enables the response to be examined throughout the 
grey scale. 

Frequency identifica tion is provided by markers at 1 MHz intervals. 
with distinctive markers at 5 MHz. 

If desired. the tests can be carried out with a simple video sweep. 
but account must then be taken of clamping networks. Similarly. an 
asymmetrica l sweep may be used. but this will give only the lower 
side-band response. 

Constant Freq. 
Varying Lnel R. F. 

Hetorodyne 
Mi ico r 

Receiver 

Detected R. F. 

Marker 
Combiner 

Dotocted R. F. 
and Markers 

The alterna tive presentation obtained by using the 4·5 MHz output 
avoids any possible errors arising from detector non-linearity. 

Video Tests 

For these tests. an asymmetrica l sweep is normally used. and the 
tes t signal is produced in the same general manner as for trans
mitters. but with these differences: The swept r.f . . oscillator now 
swings between nominally 1 30 MHz down to at least 110 M Hz: and 
the sweep does not in fact start at zero. but is locked to a frequency 
not exceeding 100 kHz. the sw eep w idth being continuously 
variable up to 20 MHz. 

The output signal may be in composite or simple sweep form. and 
alter passing through the system under test is applied to the video 
amplifier of the TF 2360 R: signals with either positive or negative 
syncs may be accepted. The detector which fol low s this ampli fier is 
rendered inoperative during the sync/blanking period. so that only 
the video component is detec ted. and measurements can be made at 
peak white without disturbance from the syncs and blanking. 

The osci lloscope presen tation is obtained as before. but now 
represents the frequency response of the system. Frequency markers 
arc also avai lable for the w hole 20 MHz sweep. 

Although of more limited interest. the symmetrical sweep can 
also be used. 

Construction 

The complete equipment is fitted within one panel. of standard 
relay rack dimensions. and when supplied for rack mounting it 
bears the type number TF 2360R. The chassis are in two hinged 
sections. which permit easy maintenance in case of need. and 
prin ted wiring boards have enabled a compact design to be obtained 
without cramping the interior layout. Power supplies are in 
corporated. 

U.H.F. Converter. TM 6936 

This un it is self-contained w ith its own power supply. and requires 
only r.f. connection to the main equipment. A disc-seal triode is used 
in a variable impedance line oscillator. covering approximately 420 
to 920 MHz. for the local mixing source. Conversion occurs in a 
crystal mixer with a low VSWR to the transmitter input. With the 
receiver section of TF 2360R tuned to 80 MHzthe equivalent Band 
I input is 50 MHz. which al lows the whole of Bands IV and V to be 
covered by the Converter. 
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DISPLAY OF VIDEO AMPLIFIER RESPONSE 

Mixed Mixed .. Blanking • Sync 

R.F. INPUT 

L Composite In 
Signal 

Generator 

Composite 
Video Test Signal 
Sweep 

Frequency Range 

Level 

Impedance 

Frequency 
Sweep 

Generating 
Circuits 

Saw-Tooth 
Generator 

Blanking 

to Detector 

Time Base 
Drive 

32 to 88. and 172 to 228 M Hz. 
(Other frequencies to special order. 
A lso ~70 to 960 MHz using U.H.F. 
Convener. type TM 6936.) 
250 mV to 1 volt r.m.s. approximately. 

50 0. 
V.S.W.R.: Bellar thon 1 ·05: 1 up to 230 
MHz. and better than 1 ·15:1 .from 470 
to 960 MHz. 

VIDEO OUTPUT 
Amplitude 

Impedance 

Sw oop Width 

Sweep Frequency Response 

Composite Signal 

Simplg video swoop: 0·3 to 3 volts. 
peak-to-peak. 

Compostte Signal: Sweep Component: 

75 0 . 

O· I to 1 volt. peak· 
to-peak. centred on 
se1 ·up level. 
Ser-up: 0·1 to 0·8 
volts. peak-10-peak. 
with respect to 
blanking level. 
Mixed svncs: 0 to 
0·5 volts. poak·tO· 
peak. 

Symme1riclJf.' Conunuously variable up 
to at least 7- 0-7 M Hz. 

Asvmmerricol: Con ti nucl~s ly variable. 
from a lower limit locked .,10 a frequency 
not exceeding 100 kHz. up to 20 MHz. 

Simple Sweep: Within :t0·1 dB up to 
20 MHz. 
Within ±0·1 dB up to tO MHz. and within 
± 0·25 dB from 10 10 20 MHz. 

Distortion Harmonic conrent of sweep: - 34 dB 
approximately. 

L F. Distortion of TV Waveform Less than 2% till. 

TF 2360R 

,.--- --- , 
I I 

I Video I 

I 
Amplifier I Marker 

Under I Generator 
Test I 

I I 

1..-;:t~ --.J 

Detected 
Detector Video Sweep 

and Marker 
Blanking Combiner 
Remover 

Detected 
Video Sweep 
and Markers 

VIDEO AMPLIFIER INPUT 
Level 

l mpednnce 

Frequency Response 

MEASUREMENT ACCURACY 

Overall Side-Band Response 

Detector Linearity 

MARKERS 
Frequency 

Amplitude 

POWER REQUIREM ENTS 

ACCESSORI ES 

Supplied 

Optional 

DIM ENSIONS 
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A.C. Mains 

TM 6936 

0·1 to 1 volt. peak- to-peak. positive 
or negative syncs. 

75 0 . 
Within :tO· l dB from 100 kHz to 
10 MHz. and w ithin ± 0·25 dB From 
10 to 20 MHz. 

Tho detector output level is within 
:t0·25 dB for a fixed side-band level 
throughout the sweep range. 

A change of 20 dB in input level can 
be measured within ± 1 dB. 

Noce· Uss of 1he 1.I. output avoids any 
possible errors ansing from 1he de1ec1or 
responses. 

1 MHz 1n1ervals (every 5 MHz distinctive). 

1 volt. peak-to-peak. approximately. 

100 10 130 volts or 200 to 250 volts: 
~O 10 65 1-lz: 375 waus. 

1 Coaxial free plug, type N 
6 Coaxia I free plugs. type 8 3 
3 Coaxial links (1ype 83 connectors) 
1 Attenuator (9 dB) TM 5554/4 

U.H.F. Converter. 

Height 
45cm 
17} in 

Width 
44 cm 
17 in 

Depth 
41 cm 
16 in 

Weight 
22 kg 
48 1b 



20 MHz Sweep Generator 

O For precision video response measurement 

0 Sweep variable up to 20 MHz 

0 Crystal controlled markers 

O Differential measurement facilities for maximum accuracy 

The TF 1099 is a high discrimination sweep generator covering the video frequency range. It may be used in 
conjunction with a suitable oscilloscope for the visual display of frequency response characteristics of wide
band amplifiers. transmission systems. etc .. or for the display of standing waves and location of discontinuities 
in r.f. or video cable links. 
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Frequency Sweep 
The sweep starts at a frequency of less than 100 kHz and 
extends to an upper frequency that is continuously vari 
able up to 20 MHz, the lower frequency limit being locked 
at the start of the sweep by means of a special a.f.c. circuit. 
The level of the frequency swept signa l is variable from 
0.3 to 3 volts peak-to-peak. and the selected output level 
is held constant within 0.2 dB - a factor that contributes 
material ly to the high order of measurement accuracy. 

Time Base Output 
A 250 volt time base output. synchronised with the fre
quency sweep, is provided for connection to the X input 
of the oscilloscope. This output takes the form of a con
tinuous sawtooth waveform at a repetition frequency of 
50 to 60 Hz. provision being made for internal synchron 
isation to the mains supply frequency or for the application 
of external trigger pulses; e.g .. t.v. field sync pulses. 

Frequency Markers 
A series of marker pips can be superimposed on the display 
to facilitate accurate frequency identification. These are 
derived from a built-in marker generator. which produces 
a pulse output from heterodyne beats between the swept 
frequency and the harmonics of a 5 MHz crystal control led 
signal. By means of internal filters a marker output is 
produced whenever the heterodyne beat frequency is zero, 
1 MHz. or 2 MHz. Zero beat markers. occurring at 5 MHz 
intervals. appear to fl icker and are easi ly identifiable. 

Differential Measurement 
Considerable increase in discrimination and complete 
elimination of error due to the inevitable sma ll variations 
in sweep level can be achieved by the use of the differential 
measurement facilities. 
For the differential method, the effective mid-frequency 
gain of the network under test is reduced to unity by 
means of an external attenuator; and the sweep generator 
is connected to the overall network via a pair of detector 
probes. which monitor the input and output voltages. The 
two detector voltages are applied to a comparator system 
in the sweep generator; and the amplified difference 
voltage is displayed on the oscilloscope. 
This system is particularly useful in the investigation of 
nominally f lat sections of a response curve where high 
discrimination is of major importance. 
For networks having high output impedance. a special 
output probe is available. 
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FREQUENCY-SWEPT 
OUTPUT 

Frequency Range 

Output Level 

Level Accuracy 

Output Impedance 

Harmonic Distortion 

TIME BASE 
Repetition Rate 

Output Level 

FREQUENCY 
MARKERS 

Frequency Interval 

Pulse Height 

DETECTOR PROBES 

POWER 
REQUIREMENTS 

DIMENSIONS 
AND WEIGHT 

ACCESSORIES 
Supplied 

Optional 

TF1099 

Lower limit locked to frequency not 
exceeding 100 kHz : upper limit con
tinuously variable up to 20 MHz. 

Continuously variable from 0·3 to 3 
volts peak-to-peak by means of a 
switched attenuator covering 20 dB in 
2 dB steps and a continuous control 
with a range of 2 dB. 

0·25 dB accuracy of indication. The 
selected level is held constant within 
0·2 dB down to 250 kHz. or down to 
100 kHz when the sweep width does 
not exceed 2 MHz. 

75U. 

Less than 2% at all frequencies. 

50 to 60 Hz. Time base may be triggered 
internally from the mains supply, or 
externally from 50 to 60 Hz sync pulses. 

250 volts max. 

1 MHz crystal controlled : 5 MHz pips 
easily identified from flickering appear
ance. 

Nominally 1 volt peak. 

Two probe units are supplied for 
detecting the input and output volt
ages of the network under test. The 
input probe provides a through con
nection for the sweep signal: the output 
probe has a 75U term i na ting impedance. 
With the swept-signal output set to 1 
volt, a differential voltage of approxi
mately 0·2 volts is produced by a 
change in response of 0·2 dB from level. 

200 to 250 volts. and 100 to 150 volts; 
40 to 100 Hz ; 140 watts. 

Height 
13!in 
35cm 

Width 
19!in 
50cm 

Depth 
11 in 
28cm 

Weight 
53 lb 
24 kg 

Coaxial Free Plug. Type 83; for use with 
trigger input socket. 
TM 4726/18; Coaxial Output Lead. 6 
feet long : Type 83 plug at each end : 
for use w ith sweep output socket. 
TM 5332 ; lnputProbeAssembly,cable. 
6 feet long: Type 83 fixed socket for 
connection to sweep output lead; 
signal to unit under test available at 
Type 83 fixed plug. 
TM 5331 ; Output Probe Assembly, 
cable. 6 feet long: Type 83 fixed plug 
for connection to output of unit under 
test. 

TM 5997; High-Impedance Probe. for 
measuring response of high- impedance 
circuits. Input impedance: 30 kn with 
4 p F in shunt. Fined with spear point 
and earthing clip for connection to out
put of unit under tes t : suppl ied com
plete with attached lead. 3 feet long. 
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VVhite Noise Testing of F.D.M. Links 

In a multi-channel cable or radio l ink. each telephone channel 
occupies a frequency band of 300 Hz to 3400 Hz; and in the 
frequency division multiplex (F.D. M.) system a number of such 
channels. each channel allocated a bandwidth of 4 kHz. are placed 
side by side by means of frequency transposition. Twelve channels 
placed side by side in this manner is cal led a basic primary group and 
occupies tlie band of frequencies 12 kHz to 60 kHz. Secondary 
groups or supergroups are formed by assembling five such basic 
groups of twelve channels and transposing them to various positions 
in the frequency spectrum in the manner shown in Fig. 1. 

The frequency spectrum occupied by the transposed channels is 
referred to as the baseband and is either transmitted direct along 
cables or used to frequency modulate the carrier in the case of a 
microw ave radio l ink. The waveform o·f this tota l mu ltip lex signal. 
consisting or the addition of a large number of transposed voice 
frequencies. closely resembles white noise having the same band of 
·frequencies and distribution of peak ampli tudes. i.e. gaussian 
distribution of peaks. For this reason it is convenient. when testing a 
link. to simulate fu lly loaded conditions by applying white noise 
having the correct level and baseband frequency spectrum. 

Good intelligibility is the criterion of performance. of a multichannel 
l ink system. To secure this. noise. which causes a deterioration in 
intelligibi lity. must be kept to a minimum. Main sources of noise are : 

1. Intermodulation noise due to amplitude and phase non
linearity throughout the system. 

2. Thermal noise genera ted in amplifiers and receivers. 
It is the purpose of a white noise test set to provide a simple and 

accurate means of comparing the noise produced by the link w ith the 
level of an OLJtput signal due to the applied white noise. The resulting 
ratio is callee! the noise power ratio (N .P.R.) or the system. 

A simple understanding of the method of measurement may be 
obtained if we assume that. say. a 600 channel system is completely 
loaded with normal speech traffic except for one channel. This 
channel is used as a listening-post and should be completely silent. 
but because of non-l inearity throughout the link system. inter
modulation products occur which are noticeable as noise. It is 
immaterial which channel is used as the quiet channel although 
intermodulation wil l in general be different at different points in the 
baseband. 

These conditions may be simulated by a white noise test set. A 
white noise generator is used in place of the speech traffic. Its 
output frequency range. as shown in Fig. 2a. is limited by high- and 
low-pass fi lters accord ing to the capacity of the system under test. 
A quiet channel is produced by switchable band -stop filters, as 
shown in Fig. 2b. The w hite noise signal is feel to the baseband input 
at the sending end of the link. by-passing the channell ing equipment. 

The second part of the test set is a receiver which is switch-tuned 
to the frequency of the band-stop fi lter used to produce the quiet 

channel. It is c.onnected to the base-band output at the receiving 
end o·f the link-again excluding the channelling equipment. 

A measurement is made by setting the generator to the correct 
output level with the band-stop filter out and adjusting the receiver 
meter to the reference mark. When a band-stop filter is switched in. 
a narrow band of frequencies is attenuated by about 90 dB and the 
receiver meter deflection will fall. If there is no noise generated in the 
link equipment the meter deflection would be restored by reducing 
the receiver input attenuator by this same amount. i.e. 90 dB. 
Because of intermodulation and thermal noise it w ill be found that 
attenuation w ill have to be reduced by. perhaps. only 50 dB. as 
shown in Fig. 2c. This change in attenuation is the noise power ratio 
of the system. 
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Fig. 2. Principle of operation of white noise test set. 
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Multi-channel Test Equipment 

Title and Type Number 
White Noise Test Set OA 2090A 

Pattern Generator and S.L.M.S. TF 2341 

Quantization Distortion Tester TF 2343 

Twelve-channel Noise Generator TM 7816 
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Rack 
Mounting Kit 

TM 8270 
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\Nhite Noise Test Set 

D Measures noise and intermodulation on wide band 
multichannel telephony systems 

O Suitable for 12 channel to 2700 channel systems 
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Two compact units form a complete equipment for measurement of 
noise interference in wideband telecommunication systems by 
methods based on recommendations of the C.C.l.R. ( Radio Relay). 
the C.C.l.T.T. (Cable) and the D.C.A. These methods. which differ 
from each other only in small details. take advantage of the fact that a 
wideband multiplex signal closely resembles random noise evenly 
distributed over the total working bandwidth. 

A noise signal. which simulates traffic at a specified level of loading. 
is applied to the communication system from Noise GeneratorTF 2091 . 
A quiet test channel is produced by the introduction of a band-stop 
filter in the generator ci rcuit; and the noise level in this test channel. at 
the output of the system. represents the level of interference due to 
intermodulation and residual noise in an equivalent operational 
channel. It is measured by means of Noise Receiver TF 2092A. which 
compares the noise interference with the noise in the same channel 
in its busy state: i.e .. when the band-stop filter is taken out of circuit. 
The result of this comparison is known as the noise power ratio 
(n.p.r.). 

This system of measurement is applicable to Microwave Relay Links. 
Tropospheric Scatter Systems. Multi Channel Cable Links. System 
Components (e.g .. baseband amplifiers). and Video Tape Systems. 

The Noise Generator 
The generated noise bandwidth extends from below 12 kHz to 

above l 2·388 MHz. and thus accommodates all basebands from 12 
channel to 2700 channel-see Table I. 

For real istic simulation of traffic conditions. however. the trans
mitted noise bandwidth must be equal to the baseband of the system. 
So the noise signal is passed through a pair or band-limiting filters-a 
high-pass fil ter at the low-frequency end and a low-pass filter at the 
high end. The band-limited signal is then amplified and fed. via the 
band-stop (slot) filter which produces the quiet test channel. to an 
output attenuator. 

Flexibility 
This is an important feature of the test set: and the mechanical 

arrangements are such that any of the fi l tars can easily be changed to 
suit the operational equipment to be tested. 

Each filter-band-limiting as well as band-stop-can be switched 
into and out of circuit by means of a toggle switch; all the filters are 
mechanically similar; and the instrument is designed to carry a total of 
nine. th is total being made up of any number of high-pass. low -pass 
and band -stop fi lters as desired . 

By fi tting a suitable selection of filters the instrument can. therefore. 
be arranged for testing two or more differen t communication systems. 
the noise bandwidth being changed simply by the operation of the 
appropriate switches. For easy identification band-limiting filter 
switches are colour coded grey. and those ol the band-stop filters are 
red. 

Direct Reading Noise Power 
The power level ol the noise signal applied to the output attenuator 

is continuously variable and is monitored by a meter scaled directly in 
dBm from 0 to 20. The attenuator is variable from 0 to 50 dB in 1 dB 
steps. and the final output level is obtained by subtracting the 
attenuator setting from the meter reading. 

Suitable test levels of noise power are recommended by the appro
priate standardising authority: i.e .. C.C.l.R. or C.C.l.T.T. 

The Noise Receiver 
The receiver. connected at the receiving end of the link system. is 

switch-tuned to the centre frequency of the test channel appropriate 
to the band-stop fi lter in use in the Noise Generator. 

Up to six frequency selectors can be filled. each comprising a band
pass input filter and a plug-in local -oscillator board. Like the Noise 
Generator. the Receiver is so constructed that the frequency selector 
units can be changed easily and quickly. 

OA 2090A 

The Measurement 
The standard w ay of measuring the n.p.r. is by a slide back method 

utilising the receiver's input attenuator. 

With the communication system ful ly loaded with white noise. 
without any quiet channels. the receiver is set to the test frequency. 
and its sensitivity is adjusted for a deflection of the panel meter 
pointer to a reference mark. It is then responding to the mean noise 
level over its 1 kHz bandwidth. The appropriate band-stop filter in the 
Noise Generator is then switched into circuit. producing the quiet test 
channel not less than 3 kHz wide, and the receiver's input ·attenuator 
is adjusted to bring the meter pointer back to the reference mark. The 
noise power ratio is then equal to the change in attenuation. ltis usual 
to measure the n.p.r. at three frequencies in the baseband. one near 
the top. one at the centre. and one near the bottom frequency limit
see Table I. 

Direct Reading in N.P.R. 
For convenience of operation the attenuator controls are scaled to 

be direct reading in noise power ratio; i.e .. calibrated in reverse with 
O dB corresponding to high attenuation. It is scaled up to 11 0 dB in 
l dB steps. 

The initial setting up on a busy channel is normally done with the 
attenuator at the 0 position. In order to cater for various mean power 
levels. the coarse attenuator dB scale can be rotated (with click stops) 
relative to the dial. An absolute calibration in pW is also provided. 

Out of Band Testing 
11 is sometimes desirable to monitor the intermodulation and 

residual noise in a multi-channel system while it is carrying traffic. 
The usual method is to monitor the noise in a nominal test channel 
just outside the operational bandwidth of the system. 

Noise Receiver TF 2092A can also be used for this type of measure
ment. frequency selector units for out-of-band test channels being 
available to special order. 

In this type of measurement. the noise in the test channel is. o f 
course. due to intermodulation products from the traffic signals and 
residual noise in the system; but a standard noise source is necessary 
as a reference signal for setting up the receivers' sensitivity. 

The TF 2092A contains an internal standardising noise source 
delivering the equivalent of 1 pW per 3· 1 kHz. 

Recorder Output 
For continuous monitoring of noise interference levels. the Receiver 

is provided with a recorder output jack. The voltage from this socket 
is derived by rectification of the I.I. noise signal. and the smoothed d.c. 
output is proportional to the mean noise level. 

Reliability 
Both units of the White Noise Test Set are fully transistorised. with 

the usual advantages of good reliability. virtually zero warm-up time. 
and low temperature operation. 

Furthermore. in common with other instruments recently intro
duced. the OA 2090A has been subjected to thorough environmental 
testing. 

Bench or Rack Mounting 
The two units are the same size. conforming to the Marconi 

module dimensional standard. As full -module units. they are normally 
in bench type cases with provision for fi tting a protect ive front cover. 
which is available as an optional accessory. The instruments can also 
be supplied ready for mounting into a standard 19 inch rack ; or. if 
required at a later date. a separate rack-mounting conversion kit is 
available. 
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Block Schematic. TF 2091 
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Specification for Noise Generator TF 2091 Specification for Noise Receiver TF 2092A 
NOISE BAND 
CHARACTERISTICS 

Generated Noise Bandwidlh 

Noise -Level Characteris1ics 

High Pass Filter Rejection Ratio 

Low Pass Filler Rejection Ratio 

STOP BAND 
CHARACTERISTICS 

Rejection Ratio 

NOISE POWER OUTPUT 

Reference Level 

Maximum Total Power 

Noise level Monilor 

Monitor Accuracy 

Output Anenuator 

Output Impedance 

POWER REQUIREMENTS 

Voltage 

Frequency 

Power Consumption 

DIMENSIONS 

WEIGHT 

SUB -MODULES 

From below 12 kHz 10 above 1 2.300 
kHz ( limited to required bandwidth by 
low -pass and high-pass fil ters) . 
W11h band limiting fillers 1n circuit noise 
level over the pass band 1s flat within 
1 dB. 

At least 25 dB al frequencies 20% below 
cut-off. 
A l least 25 dB at frequencies 10% above 
cu t·off. 

More than 80 dB over a bandwidth o f at 
least 3 kH z and more than 3 dB at fro· 
quencies of (0·02 le + 4) from the centre 
frequency. le. 

Ad1ustable to above -15 dBm per kHz 
of noise bandwidth. 

-r20dBmmto 75 n . 

Measures tota l power in tw o ranges: 
0to + 10dBm. 10 to 20 dBm. 

± I dB between +5 and ;.. 10 dBm and 
betw een + 15 and + 20 dBm. 
±2 dB between 0 and +5 dBm and 
between + 10 and + 15 dBm. 

51 dB in 1 dB steps. 
Accuracy: 1 % of setting ±0· 1 dB 

75n. Return loss greater than 20 dB 
when 6 dB or more attenuation is 
inserted. 

95 to 130 or 190 to 260 volls a.c. 

45 to 500 Hz. 

Approximately 50 waus. 

Height 
19·5cm 
7i in 

Width 
47·Scm 
18iin 

Depth 
43·2 cm 
17 in. 

Instrument w ithout Filters: 11 ·8 kg 
(26 lb) . 
Each Filter. 480 gm (1 lb 2 oz). 

High·Pass Filters } 

Low-Pass Filters As required (see 
Table II) 

Band-Stop Filte1s 

RECEPTION CHANNELS 

Up to Six 

Nominal Channel Bandwidth 

SENSITIVITY 

INPUT ATTENUATOR 

Rongo 

Accuracy 

INPUT IMPEDANCE 

Return loss 

STANDARDISING 
NOISE SOURCE 

Level 

Noiseband Characteristic 

Noise Powlfr Accura cy 

RECORDER OUTPUT 

POWER REQUIREMENTS 

Voltage 

Froquoncy 

Power Consumption 

DIMENSIONS 

WEIGHT 

SUB-MODULES 
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Switch selectod. 

1 kHz. 

Better than - 11 5 dBm per kHz noise 
bandwidth. Tho gain of each reception 
channel 1s ind1v1dually adjustable for 
equalising sens1t1v1ty over the six bands 

Direct reading in noise power ratio and 
pW noise power por unit (3·1 kHz) 
channel bandw idth, 

Oto 111 dB in 10stops·o f 10 dB and 11 
steps of 1 dB. 

± 1% of attenuation volue ± 0·1 d B. 

750 . 

Greater than 20 dB when swnched to 
OPERATE and when indicated level ex· 
ceeds 0·1 pW per channel. When 
swi1ched to STANDARDISE the return 
loss is greater than 26 dB. 

1 pW or -90 dBm per 3· 1 kHz channe I 
bandwidth (-95 dBm per kHz band· 
width). 

Noise is gene1ated over the band 10 kHz 
to 13 MHz. W1thm these frequency limits 
the level does not vary by more than 
= 0·25 dB. 

= 0·5 dB at 1 pW per channel. 

Suitable for use with 1 mA recorders. 

95 to1 30 and 190 to 260volts a.c. 

45to500 Hz. 

Approximately 15 watts. 

Height 
19·5cm 
7~in 

Width 
47·5 cm 
18i in 

Depth 
43·2 cm 
17 in 

Instrumen t without fi lters: 11 ·4 kg 
(25 fb). 
Each iifter : 480gm(l lb 2 oz). 

Band-Pass Input Filter }As required 

Local Oscillator Units (see Table //). 



OA 2090A 

TABLE I. Typical Filter Frequencies for Various System Capacities 

No. of Band Limits In- Band Test Channels Out-of-Band Test Channels 
Channels High Pass Low Pass Lower Centre Upper Lower Upper 

12 i 2 kHz 60 kHz 27 kHz 40 kHz 50 kHz - -
24 12 kHz 108 kHz 40 kHz 70 kHz 105 kHz - -
36 12 kHz 156 kHz 40 kHz 70 kHz 105 kHz - -
48 12 kHz 204 kHz 40 kHz 105 kHz 185 kHz - -
60 12 kHz 252 kHz 40 kHz 185 kHz 245 kHz - -
60 60 kHz 300 kHz 70 kHz 185 kHz 270 kHz 50 kHz 331 kHz 

120 60 kHz 552 kHz 70 kHz 270 kHz 534 kHz 50 kHz 607 kHz 
240 60 kHz 1.052 kHz 70 kHz 534 kHz 1.002 kHz 50 kHz -
300 60 kHz 1.300 kH z 70 kHz 534 kHz 1.248 kHz 50 kHz 1.499 kH z 
600 60 kHz 2.660 kHz 70 kHz 1.248 kH z 2.438 kHz 50 kHz 3.200 kHz 
960 60 kHz 4.028 kHz 70 kHz 2.438 kHz 3.886 kHz 50 kHz 4.715 kHz 
960 316 kHz 4.188 kHz 534 kHz 2.438 kH z 3.886 kHz 270 kHz 4.715 kHz 

1.200 316 kHz 5.564 kHz 534 kHz 3.886 kHz 5.340 kHz - -
1.800 316 kHz 8.204 kHz 534 kHz 3.886 kHz 8.002 kHz - -
2.700 316 kHz 12.388 kHz 534 kHz 3.886 kHz 12.150 kHz - -

TABLE II 

Frequency Noise Generator Filters Receiver Frequency Selectors 

in kHz High Pass Low Pass Band Stop Filters Oscillators 

12 TM 7728 - - - -
14 - - TM 7729 TM 7730 TM 7793 
27 - - TM 7729/21 TM 7730/21 TM 7793/ 4 
34 - - TM 7729/12 TM 7730/12 TM 7793/2 
40 - - TM 7729/1 TM 7730/1 TM 7793/ 1 
56 - - TM 7729/13 TM 7730/1 3 TM 7793/3 
60 TM 7728/ 1 TM 7720/8 - - -
70 - - TM 7729/2 TM 7730/2 TM 7794 

105 - - TM 7729/3 TM 7730/3 TM 7794/1 
108 - TM 7720 - - -
140 - TM 7720/ 17 - - -
152 - - TM 7729/1 9 TM 7730/ 19 TM 7794/7 
156 - TM 7720/ 14 - - -
185 - - TM 7729/ 4 TM 7730/4 TM 7794/ 2 
204 - TM 7720/10 - - -
245 - - TM 7729/22 TM 7730/22 TM 7794/9 
252 ·- TM 7720i15 - - -
270 - - TM 7729/5 TM 7730/5 TM,7794/3 
290 - - TM 7729/14 TM 7730/14 TM 7794/5 
300 - TM 7720/1 - - -
316 TM 7728/2 - - - -
342 - - TM 7729/16 TM 7730/16 TM 7794/6 
534 - - TM 7729/6 TM 7730/ 6 TM 7794/ 4 
552 - TM 7720/ 2 - - -
695 - - TM 7729/ 20 TM 7730/ 20 TM 7794/ 8 

1.002 - - TM 7729/15 TM 7730/ 15 TM 7795/ 5 
1.052 - TM 7720/ 11 - - -
1.248 - - TM 7729/7 TM 7730/7 TM 7795 
1.300 - TM 7720/3 - - -
2.438 - - TM 7729/8 TM 7730/8 TM 7795/1 
2.540 - TM 7720/4 - - -
2.660 - TM 7720/12 - - -
3.886 - - TM 7729/9 TM 7730/9 TM 7795/ 2 
4.028 - TM 7720/5 - - -
4.188 - TM 7720/13 - - -
4.300 - TM 7720/ 18 - - -
5.340 - - TM 7729/ 17 TM 7730/1 7 TM 7795/ 6 
5.564 - TM 7720/9 - - -
6.022 - - TM 7729/18 TM 7730/ 18 TM 7795/ 7 
6.200 - TM 7720/16 - - -
8.002 - - TM 7729/10 TM 7730/10 TM 7795/3 
8.204 - TM 7720/6 - - -

1 2.1 50 - - TM 7729/11 TM 7730/11 TM 7795/ 4 
12.388 - TM 7720/7 - - -

Optional Accessories for OA 2090A 
Matching Trnnsformer. TM 5955, 75 n to 150 n unbal to bal. 

Front Cover (Lid). TM 751 O. with lead stowage. 

Rack Mounting TM 8270 Kil comp,.sing: Bracket Assembly TM 7000/2 

Front Cover (lid) . TM 7958/ 3 without lead stowage. 
Connecting Load (coaxial). TM 4726/ 260. 
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Cover (Top and Bouom) TO 42443/1 
Back Cover TO 41948/2. 
Clip Plate TM 7956. 
F1on1 Prate TM 7957 



Pattern Generator and S .L.M.S. 

D For p.c.m. links containing up to 18 regenerators 
D Combined pulse pattern generator and 

selective level meter 
O Operates from 50 or 24 volts d.c. supply 

PATTERN GENERATOR 
1 ANO S.L.M.S. 

T F 2341 
U Frequency 
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TF 2341 is a combined pulse pattern generator and 
selective level measuring set for period ic testing and fault 
find ing on a p.c.m. link consistin§ of up to 18 regenerators. 

The instrument produces two forms of test signa l: 
(1) a general purpose bipolar test signal, and (2) a simu
lated p.c.m. signal of bipolar triple pulse trains at any one 
of eight pattern densities, modulated at any of 18 audio 
frequencies by reversal of polarity. The pattern differs from 
a normal p.c.m. signal in that bipolar violations (consisting 
of two consecutive pulses of like polarity) are introduced. 
causing a shift in mean d.c. level of the signal. The 
selective level-measuring set and the pattern generator 

PATIERN GENERATOR 
OUTPUT 

Bit rate 

Digit slot 

Pulse half-amplitude 
duration 

Output (into 75 n load) 

Pulse patterns 

Modulation 

Modulation mark/space 
Output impedance 

PATIERN GENERATOR 
MONITORING 
FACILITIES 

1 ·536 Mbits/sec ±75 bits/sec. 

651 nsec. 

326 nsec ±30 nsec. 

Mean: 0 volts. 
Positive and negative pulses: 
2· 37 volts ±1%. 
Overshoot: less than 10%. 

(1) 010101 . . .. 
(2) Variable from 1 pulse-group/ 

4 digit t ime slots to 1 pulse
group/11 digit time slots, 
w ith 3 consecutive pulses of 
alternate sign in each group. 

The polarity of the pulse groups 
are reversed at any one of 18 ra tes. 
variable from 1185 to 3100 Hz. 
1 :1 ±5%. 
75 0 unbalanced. 

Monitor output plug Provides a sample of the pattern 
output signal for connection to 
an oscilloscope. 
Source impedance: 1 kO (output 
level is 1 volt p-p when output 
is loaded w ith 75 0 . 
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are synch ronously tuned. and a panel meter indicates the 
level of the returned a.f. component from any selected 
regenerator to be observed as the pattern density is 
increased. 

Operating power is derived from an external 50 volt 
or 24 volt d.c. supply. Voltage selection is not necessary 
because the power un it is self-adjusting to accommodate 
either supply voltage. A safeguard is also incorporated 
against accidenta l connection of the supply in the w rong 
polarity. A 20 volt supply is fed via the supervisory pair to 
activate the bandpass filters on the regenerators in the 
p.c.m. link. 

MONITOR MODULATION 

terminals Provides the modulating signal 
at a level of 800 mV r.m.s. for 
connection to a counter or an 
oscilloscope. 

SELECTIVE LEVEL 
MEASURING SET 

Input range 

Accuracy 

SET LEVEL control range 

Tuning range 

Bandwidth 

Input impedance 

Channel amplifier supply 

POWER 
REQUIREMENTS 

External d.c. 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Supplied 

Optional 

- 70 dBm to +1 dBm in 7 ranges 
:!: 1 dB 

10 dB 

Synchronously tuned wi th pattern 
generator. 

30 Hz at - 3 dB points. 

1200 0 ± 10% balanced. 

20 volts ±0·2 volts from 1 kO 
source resistance. 

20 to 29 or 46 to 62 volts. 
positive to chassis. 7 w atts. 

Height Width Depth Weight 
7 in 11 ! in 1 0~in 141b 

18 cm 29·5 cm 27 cm 6·4 kg 

Clip-on front panel cover 
holding supply lead TM 4726/350 
and input lead TM 4726/355. 

TM 9742 Extender Board 

TM 8089 Board Extractor. 



Q uantization Distortion T ester 

C Checks a.f. to a.f. distortion of p.c.m. systems 
L Utilises system power supply 

QUANTIZATION DISTORTION TESTER TF2343 

Q1,tot1tiJott&fl OotcrllOft 

r-•• 

([jJ 

This instrument. applicable to any p.c.m. system. is used to 
check overall performance of a link from audio input to 
audio output. 

The tes t signal is band limited noise. 450-550 Hz. and 
the receiver uses an r.m.s. vollmeter in conjunction w ith 
filters. to measure the d istort ion in troduced. from 0 dB to 
- 40 dB. in 0·5 dB steps. 

The level of the test signal. calibrated in 1 dB steps 
from +2 dBm to -50 dBm. is ganged to the sens1 t1v1ty 
of the r.m.s. voltmeter. so that a complete set of read ings 
can be made w ithout resetti ng a reference. 

Th is instrument is intended for exchange use and is 
powered from either 24 volt or 50 volt d.c. No damage w il l 
be caused if 1he supply is accidently reversed. 
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NOISE SOURCE 

Output level Variable. in 1 dB steps. from - 50 
to +2 dBm. 

Accuracy ±0·2 dB at +2 dBm. 
:!:0·5 dB incremental 

Output spectrum The equivalent of white noise 
passed through a filter: 
±1 dB from 450- 550 Hz. 
> 6 dB at 420.580 Hz. 
>30 dB at 350.690 Hz. 
>40 dB at 31 0.810 Hz. 
> 50 dB at 250 Hz. 

Output impedance 600 0 :!: 1 0% balanced 2 or 4 
wire facility 

Quantization Distortion Testing 

In any p.c.m. link. a certain amount of distorti on is intro 
duced when the ana logue signal is quantized into discrete 
levels. Simila rly more distortion is introduced w hen the 
signal is reformed into the analogue form. The Quantiza
tion Dis tortion Tester measures the noise produced by the 
p.c.m. system at ditfernnt speech amplitudes. In this way 
the TF 2343 measures the overall performance of the 
link. in particular the coding and decoding processes. 

The test signal is band limited white noise (450-550 
Hz). this tvoe of signa l having dis11nct advantages over a 

TF 2343 

RECEIVER METER 

Input range Variable in 1 dB steps. from - 50 
to +2 dBm. 
(Ganged with output level). 
with addi tional ±1 0 d B 
continuously variable. 

Quantization dist9rtion 0 to -40 dB in 0·5 dB steps. 

Accuracy ±0·5 dB (-30 dB). 
:!:l dB (-40 dB). 

Meter indication True r.m s. 

Input impedance 600 0 ±10% balanced. 

POWER 
REQUIREMENTS 

A.C. mains 50 or 24 volts d c. (positive 
earthed) . 

DIMENSIONS AND Height W idth Depth Weight 
WEIGHT 8 in 19 in 11 in 24 lb 

(20 cm) ( 48 cm) (28 cm) (11 kg) 

ACCESSORIES 
Supplied Front cover and power lead. 

sine w ave. The test signa l is transmitted over the p.c.m. 
l ink and its r.m.s. level measured at the rece ive terminal. 
this includes all distortion components in the band 300-
3.400 Hz. A high pass filter is then inserted before the 
r.m.s. voltmeter removing the fundamenral noise; the 
new measurement in dB's g.ives the ratio of test signal 
+ noise to .noise. this indicates the overall audio to audio 
performance of the link. at the particular test signal 
amplitude. 

B.P.O. FILTER CHARACTERIST ICS. 

WHITE ~ z NOISE 

llC SOU RCE 
rx:_., BA LANCED soon 

450-550 Hz OUTPUT 

( 
I . 

I 
I 
I 
I 

00 I x r°'V llC BALANCED 
6000 

R.M.S. INPUT 

VOLTOMETER 3.4 KHz 

-
850Hz 

SIMPLIFIED BLOCK DIAGRAM 
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TM 7816 Twelve Channel Noise Generator 

0 Simulates up to twelve voice or data channels 
0 Measures complete system line-in to line-out 
D Tests multiplex intermodulation and cross-talk 

fWH'Vl. CHANN[I HOIS[ (ilNLRAtO~' 
M0Drl IM 7816 

6 () () () O' I) () (} () a> ~ t> 
c.v.o,;..iu•c ... "TCJ.,10 
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1~1 ~ (<!!} 
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Model TM 7816 extends the usefu lness of noise loading 
techniques to systems having 24 channels or less (or 
equivalent bandwidths). The twelve voice-frequency
range noise signals produced can be used to simu late 
traffic input to Troposcatter. SS B. FM or other multi
channel systems. Cross-talk and intermodulation distortion 
in multiplex equipment can be measured by connecting 
the multiplex back- to-back. 

The instrument has been designed to generate twelve 
independent voice-frequency-range (300-3400 Hz). 
gaussian distribution. noise signals. 

Semiconductor noise sources are used and the ci rcuitry 
is completely transistorised. The twelve bank, 32 dB range 
attenuator is slave driven from the front panel control 
using a rotary solenoid selector switch. 

To test a complete system the noise generator outputs 
are connected to the telephone or data l ine inputs of the 

EACH NOISE 
GENERATOR CHANNEL 

Noise bandwidth 
Noise power output 

Attenuator 

Attenuator accuracy 
Noise output 

meter accuracy 

Statistical peak to RMS 
ratio of noise signal 

Output impedance 

± 1 ·5 dB over tho range 300 to. 3400 Hz. 
0 dBm maximum (1 mW in 600 0). 

0 to - 32 dBm (each channel) in 2 d B 
steps. 
± 0·26 dB incremental, ± t dB overall. 

± 0·5 dB. 

8 dB for 1% of time. 
10 dB for 0·1% of time. 

600 0 bola need, 

Return loss Greater than 20 dB. 

- .... -------~ 

~ ~ ~ . ~) ~ • "-

multiplex equipment at the transmitter. The noise level is 
adjusted to load the system under test to the desi red 
amount and the resulting noise output (P1) from a given 
test channel at the remote receiver. measured. Then the 
noise load ing is removed from the test channel and the 
remaining spurious noise ( P2) measured. If P1 is plotted 
against P2 an overall ·performance curve of the system 
will be obtained over its fu ll dynamic range. A lso using 
these resu lts. the NPR. signal-to-noise ratio. weighted 
spurious noise and error rate to the test channel can be 
deduced. Tests can be made on several channels to 
measure the N PR distribution over the baseband. 

The distortion and noise measured include components 
from the complete communication system, from the 
telephone line input of the sender. to the line output of the 
remote receiver. Separation of cross-talk and inter
modulation can be achieved by connecting the multiplex 
back-to-back. 

Spurious noise in a 
nominally " OFF" 

channel, with oil other 
channels "ON" Less than 10 dB a. 

(- 7S dBm F1 A weighted). 

POWER REQUIREMENTS 

DIMENSIONS 

W EIGHT 

A.C. mains 100 to 125 volts or 21 0 to 250 volts. 
40 to 100 Hz .. 20 w atts. 

External D.C. 24 volts. 

Case suitable for bench use or rack 
mounting, 
Panel height 7'. Case depth 12·5'. 

25 lb. approx. 
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Impedance Measuring Equipment 

Bridge methods are commonly accepted as the most 
convenient for accurate measurement o f impedance 
values; and a wide variety of bridge con figurations have 
been devised. Fig. 1 shows the more common arrange
ments for measurement of resistance. capacitance. and 
inductance. together with conditions of balance. 

Fig. 1 Impedance-ratio-arm bridges. 
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All of these bridges are based on the principle of 
comparing voltage and phase between two potential 
dividers comprising purely resistive or complex impe
dances. An alternative system. shown in Fig. 2 utilises 
the tapped secondary winding of a transformer as the 
ratio arms. 

Fig. 2 Transformer-ratio -arm bridge. 

This type of impedance bridge has the advantage that 
the effect of a series combination of impedances (Z~ and 
Zv) in parallel with the unknown can be obviated by 
connection of the junction between Zx and Zv to a 
common (earth) terminal as shown in Fig. 3. Impedance 
Zx is in parallel w ith wind ing S1 of the ratio-arm trans
former: but any reduction in voltage due to the load ing 

effect of this impedance is automatica lly compensated for 
by a proportionate reduction in voltage across S2• due to 
the coupling between the two secondary windings. The 
voltage ratio is thus maintained. and no error is produced. 
Impedance Zv is in parallel with the detector. As the 
voltage across the detector is zero when the bridge is 
balanced. Zv has no effect on the measuring accu racy. 

Fig. 3 

The three terminal facility of the transformer- ratio-arm 
bridge has particu lar advantages for testing components 
in situ and for elimination of stray capacitance when it is 
necessary to use long connecting leads to a high
impedance unknown. In th is case screened conr:iecting 
leads are used, w ith the screen taken to the common 
terminal. 

For certain types of impedance measurement at higher 
frequencies resonance methods. applied by means of a 
circuit magnification meter (0 -meter). have certain 
advantages. The basic configuration of this instrument is 
shown in Fig. 4. 

Fig. 4 Functional arrangement of circuit magnification meter. 

E 
R.F. Source 
very lowz 

c M Elec1ronic 
Vollmeler 

It comprises a series resonant circuit. energised by an 
accurately controlled r.f. voltage. which is derived via a 
very low source impedance. The voltage developed across 
the capacitance is monitored by an electronic voltmeter 
calibrated directly in 0 . The capacitive element of the 
tuned circuit forms part of the instrument. and is both 
variable and calibrated. the inductive element normally 
being the unknown. 

Alth ough the instrument is used main ly for measuring 
the Q of inductors. the inductance value is easily calcu lated 
from the frequency and capacitance cali bration. Capaci
tance can also be measured. by slideback method for 
smal l capacitors. or by resonance method. for larger 
capacitors. against a previously measured inductor. 
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Bridges 

Rack 
Title and Type Number Range Mounting Kit Pages 

Inductor Analyser TF 2702 L: 0·3 µH to 21 kH TM 9740 138- 141 

Mixer Unit (for above) TM 8339 TM 9741 142-143 

L : 0·1 fLH to 110 H 

Universal Bridge TF 2700 C: 0·5 pF to 1,100 µF TM 7010 150-151 

R : ·o·OH2 to 11 M D. 

L: 1 µH to 110 kH 

In Situ Universal Bridge TF 2701 C: 0·002 pF to 11,000 µF TM 7010 152-153 

R: 0·002 Q to 110 MD. 

L: 0·1 µH to 110 H 

0·1% Universal Bridge TF 1313A C: 0·1 pF to 110 µF 154-155 

R: 0·003 D to 11 o Mn 

I 

Circuit Magnification M et e r 

Title and Type Number Frequency Range Q Range 
I 

Pages 

Circuit Magnification Meter TF 1245A 1 kHz to 300 MHz 5 to 1,000 158-161 
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Inductor Analyser 

D Measurement range: 0·3 µH to 21,000 henries 

D Internal frequencies: 10 kHz, 1 kHz, and power line 

D External frequency range: 20 Hz to 20 kHz 

D D.C. bias and variable a.c. current facilities 

D Cathode-ray tube detector for search, tuned 
detector for final balance 

D Calibrated variable reactance-standard gives easy 
balancing 

=~·-· ..... ,.,,·~ 
-· I . ~ 

. . . 
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The measuring facilities of the TF 2702 cover virtually every aspect 
of inductor analysis at frequencies up to 20 kHz. The instrument is 
basically an impedance-ratio-arm bridge which may be switched to 
the Maxwell or Hay configuration for measurement in terms of series 
or parallel inductance respectively. Provision is also made for the 
injection of d.c. bias for incremental inductance measurement; and 
the bridge elements are sufficiently robust to permit measurement 
under simulated operational conditions where heavy a.c. and/or d.c. 
currents are flowing in the inductor windings. The bridge is. how
ever, equally suitable for measurements w here very low current 
levels must be used: e.g .. on small components wound on high 
permeability cores. 

Variable Reactance-Standard 
The common practice of using a fixed value capacitor as the react 

ive standard. with one of the resistive arms as the inductance-cali 
brated variable, has certain advantages. but it can lead to considerable 
difficulty in obtaining the final balance condition when the 0 of the 
unknown inductor is low. This difficulty arises from the fact that the 
loss-balance and inductance-balance controls (being in separate 
bridge arms) are interdependent. so that it is necessary to approach 
balance by adjusting the two controls alternately for minimum 
detector deflection. 

The difficulty is avoided altogether in the TF 2702 by the use of a 
variable capacitive standard. which utilises a ten-step switched 
st'tquence and a continuously variable control. With this arrangement. 
the loss-balance control is calibrated directly in series or parallel 
resistance, terms which are often more convenient than those of 
phase factor for assessment of performance of l.f. inductors. 

Range Multipliers 
The wide total measurement range is achieved by switched selec

tion of suitable values for both of the resistive arms of the bridge. Two 
push-bunon-switch groups are used, one being marked in induct
ance range maxima and the other in multiplication factors. The 
operator. therefore, has control over all three arms of the bridge, and 
is able to set up the conditions most suitable to the measurement in 
hand. 

Detector System 
For final balance adjustment, the out-of-balance voltage is indi

cated by a sensitive selective voltmeter, which is tunable to any fre 
quency within the range of the bridge. Harmonic components. which 
can give rise to errors in measurement of non-linear (cored) inductors. 
are thus filtered out. Effective screening of this detector eliminates 
signal breakthrough. coupling to the inductor under test. and 
coupling to other parts of the bridge, all of which could otherwise 
produce measurement errors and difficulties due to standing 
detector readings. 

A second detector, with a cathode-ray tube indicator. is also 
included. This performs the dual function of showing the direction 
of unbalance and indicating the effect of any iron distortion that may 
be present. 

When the bridge is balanced the cathode-ray tube trace takes the 
form of a straight line sloping to the left at an angle of 45° between 
a pair of black marker lines on the viewing screen. Iron distortion 
deforms the display at balance into an elongated triple loop. but the 
axis remains inclined at an angle of 45° to the left. 

The angle of inclination indicates the inductance balance condition; 
i.e., if the line tends towards vertical the unknown inductance is 
higher than the indication. and if it tends towards horizontal the 
unknown is lower. The circuit arrangement is such that the trace 
inclination follows the inductance control's direction of rotation. 

Incomplete loss (or phase) balance causes the trace to form an 
ellipse of breadth proportional to the degree of unbalance. the 
resistance-balance control being used to reduce the ell ipse to a 
straight line. 

If the test frequency is such that the component under test presents 
a capacitive impedance. the trace will be inclined to the right. 

The cathode-ray tube detector is extremely useful for range 
searching when the value of the component under test is completely 
unknown. 
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For currents exceedmg o·s amps, the bodge should be used in 
conjunction with Mixer Unit TM 8339. Both the Inductor Analyser 
and the Mixer Unit are available in bench or rack mounting form. 

Sensitivity of both the voltmeter and the c.r.t. detector is adjustable 
by means of coarse and fine controls which are common to the two 
systems. The coarse control takes the form of a three position switch 
and the fine control is a continuously variable resistor. 

Internal A.C. 
The bridge may be excited from an internal source at 1 kHz. 10 kHz. 

or power line frequency. Provision is made for varying the excitation 
voltage; and it is also possible to switch the panel meter to monitor 
the voltage across the unknown or the current passing through it. For 
voltage measurement the meter then indicates the potential between 
the test terminals. and can. therefore. be used for external measure
ments. 

External A.C. 
External a.c. excitation can be applied to the bridge at any frequency 

in the range 20 Hz to 20 kHz. Connection can be made via a jack 
socket to the primary winding of the bridge input transformer. 
insertion of the plug into this socket automatically switching the 
internal source out of circuit. Or. alternatively. the external source 
can be connected directly t o the appropriate points on the bridge 
circuit. provision being made for switching out the internal input 
transformer. The arrangement of the measuring network is such that 
no isolating transformer is necessary for use with an oscillator having 
an output system with one side earthed. 

External D.C. 
Provision is made for applying bias current by the series method: 

i.e .. it flows through the secondary winding of the bridge input 
transformer and through the appropriate bridge arm. the current 
rating of this arm being the ultim&te limiting factor. 

For low and medium currents. where the r.m.s. sum or the a.c. and 
d.c. is up to 0·5 amps. the bias current can be applied directly to the 
bridge via a pair of terminals on the front panel. Currents exceeding 
0·5 amps. however. would overload the internal input transformer. 
and provision is made for operating the bridge in conjunction with 
an external a.c./d.c. mixing transformer. such as the A.C./D.C. 
Mixer Unit Type TM 8339. 
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Inductance Accuracy 
This graph shows the percentage of 
error of the inductance measurement 
at representative values of 0 . 
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Typical resistance scale accuracy 
at representative frequencies. 
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RANGES 
lnductenco 

Resistance 

CURRENT RATING 
r.m.s. sum of a.c. and d.c. 

·i.e., '-'a.c.1 +d.c.2 

ACCURACY {Inductance) 

01 0 1 10 100 1000 

R SCAlE MARKING • n SCAl E SElECTOR 

L 1~0 SCALE _J__ -ffi SCALE _JJ LI'-!----- 8 SCALE-----" 
-[__ A SCALE___:] 

0·3 µH to 21.000 honries by means of 6 
range switches and 4 muliiplier sw itchos. 
Tho scale on each range is d ivided into 
20 equal stops and has an in terpolating 
dial w ith 100 divisions. 

Series or parallel rosistanco may be 
selected giving oqulvalont 0 from less 
than 0· 1 to approaching infinity. Tho 
scale is calibra ted from 0·02 0 to 2 kO 
in 4 steps for series resistance. and from 
0·2 O to 2 kO in 3 slops for parallel 
resistance w ith multiplying factors or 
from 10"' to 10' in decade steps. 

Up to 21 henrios 
Up to 210 honrios 
Up to 2.100 henrios 
Up to 21,000 honrios 

10 amps r.m.s. 
3 amps r.m.s. 
0·3 amps r.m.s. 
0·03 amps 1.m s 

:1: 1 % or reading :t0·05% ol range full 
scale. subject 10 current limitations of: 
7 amps up to 21 honrios 
2 amps up to 210 honries 
0·3 amps up to 2.100 honri os 
0·03 amps up 10 21.000 henries 
and the following qualrhcations: 

(a) At high currents. add ±0·25% of 
reading w1th1n 1ho following hmrts: 
10 amps up to 21 henues 
3 am;)S up to 210 hcnries 

ACCURACY { Resistance) 

Scale A 
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A 
Scale Th 

A I 
Scolo 

100 

Scales B 

(b) At low inductance. the residual 
induc1ance (0·25 µH) must be 
subtracted from the indicated 
inductance. 

(c) With inductance values above 1 kH 
the maximum frequency is 1 kHz. 
and an external source must be used. 
as the discrimination w ith the interna l 
source is too low to maintain the 
basic accuracy. 

(d) At high frequency and /or low 0 add 

:1: ( 0·0011' + O~f ) % of read ing. 

where f - frequency in kHz. 

:1:5% :I: ( % ) %+ ~· 0 

f' 
:1:1 0% :1:0·02+ iO' 0 

I' 
±10% ±0·02+ 10 ' 0 

' ( 1008 ) f' :t:55o :1: 2k+B %+ iQ• O 

A and B are scale readings; Scale A is 
2 o to 25 o and Scale B is 20 o to 
infinity. 

The above accuracy applies after the 
residual resistance (30 mO) has been 
deducted from the readings. 



BRIDGE EXCITATION 
lntemal a.e. 

Ext1rn1I a.c. 

An e.m.f. of at least 10 volts r.m.s. is 
available at the supply frequency from a 
source resistance of typically 25 O. 
An internal oscillator provides frequencits 
of 1 kHz and 10 kHz at an e.m.f. of at 
least 2·0 volts r.m.s. from a source 
resistance of typically 70 O. 

External supplies from 20 Hz to 20 kHz 
may be used within the following 
limitations. provided the current ratings 
given earlier are not exceeded. 

Max/eve/ 
500 volts 
300 volts 
100 volts 

30 volls 
10 volts 

Range 
0·11 to 21.000 honries 
11 mH to 21.000 henries 
1 ·1 mH to 21,000 henries 
110 µH to 21.000 henries 
11 µH to 21.000 henries 

External d.c. The internal a.c./d.c. mixing transformer 
may be used with external d.c. up to 0·5 
amps providing tho ra ted current maxima 
are not exceeded. Internal a.c. as specified 
above or external a.c. via the front panel 
jack may be applied. This external a.c. 
must not exceed f/5 volts (where f is the 
frequency in Hz) up to a maximum of 
100 volts r.m.s. Above 0·5 amps d.c. 

MONITOR 

800 to 1,200 Hz 
2 kHz to 3 kHz 
10 kHz to 16 kHz 

TF 2702 

Measures a.c. voltage across and a.c. 
current through the inductor. This meter 
may be used independently for measure· 
ment of voltage and current. 

Voltmeter Nine ranges w ith full scale deflections of 
50. 200, and 500 mV. 2. 5. 20, 50. 200. 
and 600 volts over the range 20 Hz to 
20 kHz. 

Ammeter 

Accurecy: 50 Hz to 10 kHz: ±3% of reading 
±2% f.s.d. 
20 Hz to 50 Hz: ±6% of reading 
±2% f.s.d. 
10 kHz to 20 kHz: ±6% of reading 
±2% f.s.d. 

Covers six ranges with full scale 
deflections of 50. 200. and 500 mA. and 2. 
5. and 20 amps. 
Accuracy: 50 Hz to 10 kHz: ±3% of reading 
±2% f.s.d. 
20 Hz to 50 Hz: ±6% of reading 
± 2% f.s.d. 
10 kHz to 20 kHz: ±6% of reading 
±2% f.s.d. 

an extor(lal mixing unit is required-
e.g .. A.C./D.C. Mixer. Type TM 8339. 

DETECTOR 

POWER REQUIREMENTS 
A.C. Mains 100 to 1 30 volts or 200 to 250 volts. 

45 to 65 Hz 60 VA. 
This uses a 1 inch c.r.t. for preliminary 
balance and search. and a meter for final 
balance. The c.r.t. afso indicates any 
core non-linearity of the inductor under 
test. 

frequency range Untuned and search: 20 Hz to 20 kHz 
Tuned: Continuously variable over the 
following ranges:-
42 to 60 Hz 
80 to 120 Hz 
320 to 500 Hz 

Functional diagram 

DIMENSIONS 
AND WEIGHT 

ACCESSORIES 
Supplied 

Optional 

Alt.NOi! IVI 
11 ( l t a l"lgn) 

~;i:l 

Height Width Depth 
13in 18in 14 in 

(33 cm) (46 cm) (36 cm) 

Weight 
301b 

(13·6 kg) 

One telephone plug type P40 to connect 
woth the external a.c. jack. 
TM 8339 A.C./D.C. Mixer Unit 
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AC/DC Mixer 

D For use with Inductor Analyser TF 2702 

D Up to 10 amps r.m.s. a.c. and d.c. 

D D.C. voltage and current monitor 

0 Built in protection circuits 

This is an auxi liary unit for use with Inductor Analyser 
TF 2702. It connects to the bridge circuit in place of the 
Analyser's built-in input transformer, and facilitates 
application of a.c. and d.c. currents up to the full rating 
of the bridge. 

AC+DC MIXEf\ UNIT T!'18339 

M.\~COf·ll IN$lllUMENtl I!" 

-'C Vo!! 0v n1~ 
MO> 0C °""'P1 
... u.rf'" .. I S ,Gt-t "" J._ ... 

'i 
""'"' 
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The mixer unit basically comprises a transformer 
capable of operating with a comparatively high d.c. 
current flowing in its secondary winding. The magnitude 
of the permissible current is given in the specification. and 
varies inversely with the maximum output voltage
determined by switch selection of the appropriate tap on 
the secondary winding. 

A panel meter can be switched to monitor the d.c. 
voltage or current. {The a.c. can be monitored by the 
TF 2702 panel meter.) The d.c. is applied to the bridge in 
series with the transformer winding, and it is introduced 
via a smoothing circuit in order to eliminate any unwanted 
ripple . This smoothing circuit also protects the bridge and 
the mixer unit from high voltage transients that could 
otherwise result from sudden interruption of the d.c. 
supply. 

A.C.-1- D.C. OUTPUT 
30 volts a.c. max 
with 10 amps d.c. max. 
100 volts a.c. max 

TM 8339 

In the event of failure of the external d.c. supply. the 
high-value smoothing capacitor discharges through the 
circuit so that the current falls exponentially to zero. the 
time constant being sufficient to prevent a rapid collapse 
of flux in the internal transformer or in the in uctor being 
tested. Furthermore. it is a feature of the TM 3339 that its 
output can be switched off by means of the panel switch 
without the necessity for gradual reduction of the input 
supplies. Surge current. resulting from the disconnection. 
triggers an s.c.r .. which provides a discharge path and 
prevents the build-up of high voltages between the switch 
contacts. As with the TF 2702. gas discharge tubes are 
also included to protect the instrument from transient 
overloads. 

Input load Parallel combination of output 
terminal load (e.g .. TF 2702 
and test inductor). 3000 µF 
smoothing capacitor. voltmeter. 
and 100 kn discharge resistor. with 3 amps d.c. max. 

300 volts a.c. max 
with 1 amp d.c. max. 
500 volts a.c. max 

MONITORING FACILITIES 
(d.c. only) The panel meter normally indicates 

the current flowing. A 'press to 
read vollage' switch, biased to 
'current' facilitates measurement 

A.C. INPUT . 

Max. voltage 

D.C. INPUT 

with 300 mA d.c. max. 

The above outputs are obtained 
by varying the input voltage over 
the range 0-100 volts r.m.s. 
A 10 amp fuse protects the output 
circuit. 

Input terminals are isolated from 
chassis and earth. A 5 amp fuse 
provides protection. 

. METER RANGES 
Current 

100 volts r.m.s .. 40 to 5000 Hz, Voltage 
linearly derated from 100 volts 
at 40 Hz to 50 volts at 20 Hz. ACCURACY 
and from 100 volts at 5 kHz to 
50 volts at 20 kHz. DIMENSIONS 

AND WEIGHT 
Negative terminal is earthed. 
A 10 amp fuse provides protection. 

Max. voltage ± 300 volts 
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of input voltage. 

10 amps f.s. (associated with 
30 volts a.c. max.) 
3 amps f.s. (associated with 
100volts a.c. max.) 
1 amp f.s. (associated with 
500 volts a.c. max.) 

300. 100. 30. and 10 volts f.s. 

± 3% of reading ± 2% of full scale. 

Height Width Depth Weight 
7~ in 1 Si in 1 3i in 72 lb 
29 cm 48 cm 34 cm 32.7 kg 



Type 9306 10 Amp D .C. Power Unit 

D For use with Inductor Analyser TF 2702 
D Up to 10 amps d.c. at 40 volts 
D Up to 5 amps d.c. at 80 volts 

... 

This unit. designed and produced for Marconi Instruments 
by E. M. Wareham (Measuring Systems) Ltd. is intended 
as a d.c. bias current source for Inductor Analyser TF 2702. 
Its mechanica l and electrica l construction is such that it 
forms a companion unit to the A.C./D.C. Mixer TM 8339; 
and it is available either as a free-standing bench unit or 
fitted for mounting into a standard 19 inch rack. 

The unit will deliver a continuous output power of 
300 watts. w ith a maximum intermittent rating of 400 

OUTPUT 

Power rating 

Rlpplo 

0 10 80 volts up to 5 amps. 

0 10 40 vol1s up to 10 amps. 

300 w atts oon1inuous. 

400 w atts inlorminon t. 

Less 1han 2% P· IO·P whon w orking with 

3000 µF copoci1or across 1erminals or 

direc1ly into A.C./D.C. Mixer TM 8339. 

w atts. In order to achieve higher voltages without exceed
ing the rating. there are two switch-selected voltage 
ranges- 0 to 80 volts at 5 amps. and 0 to 40 volts at 
10 amps. The output level is adjustable by means of a 
single control which varies the setting of a built -in 
continuously variable transforr:ner. No meters are fitted 
to the power unit. voltage and current normally bP.ing 
monitored on the A.C./D.C. Mixer. but an approximate 
voltage scale is provided for rough guidance as to the 
control setting. 

AMBIENT TEMPERATURE 
Operating 

Storage 

POWER REQUIREMENTS 
A.C. mains 

DIMENSIONS 
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0 to +40° C. 
- 40 to+ 70° C. 

220 10 250 volts. 50 Hz or 100 to 11 5 vol1s. 
60 Hz. changed by ln lornal selector. 

Heighc 
Hin 
20 cm 

Wid1h 
18i in 
48 cm 

Depth 
13! in 
34 cm 



Remote Switching Unit Type 9287 

D Safety relay for TF 2702 and TM 8339 

D Interrupts test current when control supply is broken 

This unit designed and produced for Marconi Instru 
ments by B and R Relays Ltd., is intended as part of a 
safety circuit in inductor test assemblies utilising Inductor 
Analyser TF 2702 and AC/DC Mixer TM 8339. 

It comprises an a.c. energised relay fitted with two sets 
of normally open and two sets of normally closed 
contacts. The relay coil is wound in two sections for use 
on 230 or 110 volt a.c. supplies. 

The unit connects to the AC/DC Mixer in such a way 
that the test suppl ies to the Inductor Analyser are present 

only if the relay is energised and the OUTPUT switch of 
the TM 8339 is in the ON position. In any other cond ition 
the a.c. and d.c. supply ci rcuits are disconnected and the 
output terminals of the Mixer Unit are short c ircuited . 

An auxiliary contact on the relay is intended to operate 
a fail safe warning lamp. which lights only when the relay 
is de-energised so that the supplies have been removed. 
Alternatively. the contact may be used to operate a 
mechanical interlock preventing the safety cage door 
opening while the relay is energ ised. 
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Type D 347 X0-1 Range Multiplier Unit 

o Extends TF 2702 current rating to 70 amps continuous or 
100 amps intermittent 

Manufactured for Marconi Instruments by E.M. Wareham (Measuring Instruments) Ltd. 

The unit comprises an accurate 0· 1 0 heavy current 
resistor. which is connected in parallel with the appropriate 
resistive bridge arm to increase the bridge's current rating 
to 70 amps for protracted measurements or 100 amps for 
short periods-10 to 1 5 minutes. 

A four- terminal connecting arrangement obviates 
errors due to lead resistance: and the shunting effect of 
the built-in bridge arm resistance is rendered negligible 
by operating the X1000 RANGE MULTIPLIER button on 
the TF 2702 panel w hen the externa l multiplier is in use. 
The X1000 multiplication factor is. of course. ignored and 
a factor of 0 ·1 used instead. giving an inductance measur
ing range of 0·3 µH to 2·1 henries. 

The additional inductance and resistance measuring 
error introduced by the 0347 is less than 1 % over the 
frequency range 20 Hz to 3·5 kHz. 
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RESISTANCE 0·1 0 ±0·25%. 

RATI NG 

Maximum continuous 
current 70 amps r.m.s. ( y a.c. 2 +d.c. 2) 

Maximum intermittent 100 amps r.m.s. for 10 to 15 
current minute period. 



Inductor Analysis Assemblies 

Arrangements of a.c. excitation and d.c . bias supplies 

eoo- uoo INDUClOR AHAlYS[tf rr210 2 l ,.., . ..,. ..... ,. @ 
eo-u lOl •lil\ ·o-··~····.. ~:~:· ..... " a c-... 

..... ~ ... "' ~'" ~ ......... ,, 
• fu- ~ ~ I 
~ .......... <•« • ~fi 

E.-t (;en 
ACorAC +OC 

®> 

~ P1•1J"' CAl Dotoriu ~l"ll'le 

OElEClOR 

l RANGE 

~j1omHQ100..31 IH 11 •oH I 
WVlll~Y--

.. ~. 
I OH 

..... ~ ..... 
@) ,rJ® oc 

©@ ~ ....... , 

As a self -contained instrument. using internal a.c. excitation. the 
TF 2702 is suitable for measurements at low test currents (a.c. 
only} with voltages up to 10 volts at 1 kHz and 10 kHz. and up to 
20 volts at the mains supply frequency. 

l00- .. ~'o'.O·l1~•->< IHOUCIOA ANALYSER IF l702@1 

eo-120 tO .. · tl i. 
40-60 a t1h1l'l• cl ~:' fotol'ltt 0 Coe 1u 

.... .J.,, ,,, ~'" ~ .. ........ , 
Tun• ~ ~ I 
~ ....... _ <••<' ~fi 
~ ,., , ,,,...CRf9olol'lc• \~''"' 

.,..Ut.fl"-.Y--

once.TOR 

l•§"'lj omMll•o .... ,i063j fH II ,.. I 

D.C. 
0·5 amps 

max. 

External d.c. bias. up to a maximum of 0·5 amps. can be applied 
directly to the panel terminals when the instrument is used w ith i ts 
internal a.c. source. 
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L M.ol MIAl"t ... ,Jla L 1tU1M 

I ·· I ·• I .... I ·- I 1•3 ..... u ..... H ·· I .... , 
--lllUlflll'\,Y--

D.C. 
0·5 amps 

max. 

External a.c. up to 5 watts can be applied via the jack socket on 
the front panel. In this condition the internal mixing transformer is 
used so that d.c. bias up to 0 ·5 amps can also be applied . 

• •• 
Cl• !'00 

C>O ~CO 

AC: Metet .. ne• 

''"'(§)'""' 

A.C. 

External a.c. up to the full rating of the bridge can be applied to 
the panel terminals. In this arrangement the internal mixing trans· 
former is switched out of circuit. and d.c. bias cannot be applied.~ 
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A.C. 
Swatts 

max. 



l RANGE: MUlTIPUU l AANG'( 

I '"' I •IOO 1 •IOOO I SI lMH ll•OmHlll0031 IH II IOHJ 
- - - MUlhP\V- - -

I ON 

®@® 

AC• DC.MIXER UNll, 1M8J39 

SUPl'l Y 

DC Votu. 
)QV 10QV 

::,2~--·~@_· • ..... , 

D.C . 

A.C. 

External a.c. and d.c. up to the fu ll rating of the bridge can be 
applied via Mixer Unit TM 8339. 

SUPPLY UNITS 

Low-Level A.C.: A.F. Oscillator TF 2102M or R.C. Oscillator TF 1101. 

O.C. (up to 10 amps): D.C. Supply Unit Type 9306. 

High-Level A.C. (recommended examples) 

Mains Supply Frequency: Variac. 0· 100 volts r.m.s. output. 

Variable Freqµency: AF. Oscillator -I-Amplifier such as 
Vortexian Model S1 20/200. 
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Universal Bridge 

D Transistorised oscillator/detector 

D Battery operation 

D Remarkable versatility 

Although this bridge uses the conventional bridge con
figurations. provision has been made for the connection 
of a large number of externa l facilities. so that a wide-range 
general -purpose instrument can be rap idly converted for 
a specialised measurement. without need of modification 
or special accessories. 

The internal battery-powered transistor oscillator pro
vides a bridge source for measurements of L. C, and R at 1 
kHz, or an external source can be used between 20 Hz and 

UNJVERSAl BRIDGE TF 7700 

20 kHz. The internal aperiod ic detector also uses bat1ery
powered tra nsistors. and may be used with both the internal 
and external bridge drive: an externa l detector can be 
used instead with either source. Resistance can also be 
measured with d.c. using the internal bat1ery and galvano
meter. or with either replaced by externa l equivalents. 
Finally, mixed a.c. and d.c. can be applied to the bridge 
when measuring components that require polarisation. or 
for the determination of incremental properties. 
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MEASUREMENT 
RANG ES 

INDUCTANCE 
MEASUREMENT 

Ranges 

CAPACITANCE 
MEASUREMENT 

Q 

Ranges 

ENERGIZING SOURCE 

Ike/• 
:~: osc 
.~~~ 

VTI 

OET +VE 

Lx 

HJ 

FOR CAPACITANCE MEASUREMENT 
BALANCE & LOSS BALANCE 
ARKS REVERSED 

0 ·1 µ H to 110 henries. and 0· 5 pF 
to 1.100 µF. each in eight decades. 
with phase defect value. at 1 kHz 
from internal source. or 20 Hz to 
20 kHz from external source; and 
0·01 .Q to 11 MD in eight decades. 
at d.c. or 1 kHz from internal 
sources. or at d.c. or 20 Hz to 
20 kHz from external sources. as 
detailed below. 

Maxima 11 - 110µH.1·1- 11-
110 mH. and 1·1-1 1- 11 0 henries. 

Accuracy ac 1 kHz: 
± 1 % of reading ± 0· 1 % of range 
maximum above 11 1.1.H . ± 2% of 
reading ± 0·1 % of· range maximum 
below 11 µH. 

Residual Correction: 
-0·2% of read ing + 0- 0·3 l.LH. 

Ac 1 kHz: 0 to 10. 

Maxima 110 pF. and 0·0011 -
0·011 - 0·11 - 1·1 - 11- 11 0-1.100µF. 

Accuracy ac 1 kHz: 
± 1% of reading :1:0·1% of range 
maximum below 110 µ F. 
± 2% of reading ± 0· 1 % of range 
maximum above 110 µF. 

Residual: 0·2 pF. 

D Ac 1 kHz: 
Two ranges. 0 to 0·1 and 0 to 10. 

TF 2700 

EMITTER 3-STAGE 5HUHT 

FOLLOWER AMPLIF IER DIODE 

VT2 VT3,4.S i'.ECTIFIER 

i 
WISITIVITY • - - -- - - -- ---

Csro & LOSS 8ALAN CE REPLACED 
BY 1oon RESISTOR FOR 
RESISTANCE HEASURMNT 

Functional Diagram for A.C. Measurements 

RESISTANCE 
MEASUREMENT 

Ranges 

BRIDGE SOURCES 

A.C. 

POWER 
REQUIREMENTS 

DIMENSIONS 

ACCESSORIES 

Supplied 

Optional 
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· D.C. 

Maxima 1·1 -1 1-110.0, 
1·l'-11-110 kO. and 1'1-11 MO. 

Accuracy: 
± 1 % of reading ± 0· 1 % of range 
maximum above 1 ·1 n . 
± 2% of reading ± 0·1% of range 
maximum below 1 ·1 n. 
Residual: 0·002 .0. 

1 kHz ( ± 5%) from internal 
oscil lator. or 20 Hz to 20 kHz from 
external source. for L. C or R 
measurement. 

9 volts from internal battery. or 
external supply for greater 
discrimination. 

Internal 9 volt battery 
(consumption approx. 7 mA) . 

Height Width Depth 
8 in 11 ~111 8 1n 

23·5 cm 29 cm 23·5 cm 

Weight 
8~ lb 
3·8 kg 

Jack Plugs, type P 40 {Two) . 

TM 7120 Isolating Transformer. 



In Situ Universal Bridge 

D Transformer ratio-arm technique 

D Two and three terminal measurements 

D Battery operated 

By the use of a t ransformer ratio-arm design, Marconi 
Instruments have produced a bridge which measures 
components in conditions that are beyond the scope of 
most conventional universal bridges. The measurements 
may be made in the presence of heavy shunting. whether 
in two- or in three-terminal connections. These factors, 
together with the independence of true . earth granted by 
battery operation, also adapt it to the measurement of 
components already wired into circuits or equipment 
without the necessity for unsolderi·ng connections-a 
particular advantage when printed wiring boards are 
concerned. 

IN SITU UNIVERSAL 8/llOGE TF 2701 

-· 

Semi-conductor devices are used in both the oscillator 
and in the detector. so that long-life battery operation is 
obtained. 

A pictorial display of the equivalent circuit of the 
unknown. and colour identification of frequency, are 
coupled mechanically to the range switches. so that 
ambiguity of reading is removed. The ease of operation. 
and the portability recommend this bridge for uses when 
the highest accuracies are not required or are less important 
than the undoubted conveniences. 
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NORMAL CAPACITANCE 
MEASUREMENTS 

At 1 kHz 

At80 Hz 

Accuracy on 11 µF range 
and below 

Accuracy on 11 0 µF range 
and above 

Dissipation factor 

SHUNTED CAPACITANCE 
MEASUREMENTS 

Ranges 

Permissible shunt 
resistance (Jn ohms) 

Accuracy 

NORMAL RESISTANCE 
MEASUREMENTS 

At 80 Hz only 

Accuracy 
(afterdeductionof R.~·030) 

SHUNTED RESISTANCE 
MEASUREMENTS 

Ranges 

Permissible shunt 
capacitance 

( in microfarads) 

Eleven ranges: Maxima of 1·1-11- 110 pF, 
M-11 - 110 nF. and H - 11-110-1,100-
11,000 µf. 

Ten ranges: Maxima of 11 - 110 pf, H-
11-110 nF. and 1'1- 11-11 0-1.100-
11 .000 µF. 

Ac 1 kHz: ± 1\16 of reading: Ac 80 Hz: 
± 1 ·5% of reading : ± 0· 1 % of range 

± ! % a 

±5% of reading ±0·1% of range 
2 

± 0% 

Obtainable from calibration curves. 

As NORMAL at 1 kHz and at 80 Hz.. 

10 
Greater than C range in µF 

As NORMAL. but with additional error 
which varies inversely with shunting 
resistance and is within ±3% of range 
when the R value is greater than 1 000 
and the RC value is greater than 10-s. 

Nine ranges : Maxima of 1'1 - 11 - 110 O, 
1'1- 11-110 kO, and 1·1 - 11 - 110 MO. 

110 O r;mge and abovo: ±1% of 
reading ; M and 11 O rangos: ± 2% 
of reading; ±0·1 % of range. 

As NORMA L at 80 Hz only. 

5x 104 

Less than A rango in ohms 

INDUCTANCE 
MEASUREMENTS 

Accuracy 

At 1 kHz 

At 80 Hz 

Cursor position adjustment 

Accuracy on 11 mH 
to 110 H range 

Accuracy on 
M mH ranges 

Accuracy on 
110µH range 

Accuracy on 1 ·1 kH 
ranges and above 

Q Factor 
Three-terminal measurements 

BRIDGE SOURCE 
Frequencies 

Test terminal power 
Power requirement 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Supplied 

TM 7137 

TF 2701 

(After deduction of R0c 0·03 o. and 
subject to an additional negative error 
depending on the value and loss of the 
shunting capacitance.) 
110 O range and abovo: ± 1·6% of 
reading; 1'1 and 11 O ronges: ± 2·5% 
of reading : ± 0·1 % of range. 

Nine ranges: Maxima of 110 µH, 1·1-11 -
110 mH. 1-1 - 11-110 H. and H - 11 kH. 
Nine ranges: Maxima of 1·1-11-1 lD mH, 
M - 11-110 H. and 1-1-11-110 kH. 

A correction of 10 is added to the FINE 
dial reading . . 

± 2% of reading ±0·1 % of rango 

± 3 %. a 

Ac 1 kHz: ±2% of readlno: or 80 Hz: 
±3% of reading ±1 µH: ± 0·1 % of 

2 
range± 0 %. 

±3% of reading ± 1 µH ± 0·1 % of rango 
2 

±0%. 

. 2 
± 5% of reading ± 0·1 % of range ± a %. 

Obtainable from calibration curves. 
The additional error is approximately 
±2%. providing the two shunting arms 
are within the limits shown In the table. 

80 Hz and 1 kHz. each ± 3%. 
Approximately 50 mW. 
Two 9 volt batteries. 

Height 
Sin 

20·5 cm 

Width 
17 in 

44 cm 

Lead Assembly. 

Depth 
11 in 
28 cm 

Weight 
161b 
7 kg 

THREE-TERMINAL MEASUREMENTS-SHUNTING IMPEDANCE LIMITS 

Range Maxima Minimum Shunt R Maximum Shunt C 
Range 

Rae BO Hz C ac 80 Hz & 1 kHt L at80Hz Lac 1 kHz E-terminal I-terminal E-termiri.:JI I -terminal 

a - 11.000 µf - - 20 2·50 100 µF 100 µf 
b 1·1 Cl 1.100 1• f 1-1 mH 110 µH 2 0 2-5 0 100 µf 100 µF 
c 11 0 110 1•F 11 mH 11 mH 20 5 0 100 µF 10 µF 
d 110 0 11 µF 110 mH 11 mH 100 2·5 0 100 µf 100 µF 
0 1·1 kO 1-1 µF MH 110 mH 100 6 Cl 100 µF 10 µF 
f 11 kO 0·11 µF 11 H MH 200 6 0 10 µf 10 µF 
g 110 kO 0·011 µF 110 H 11 H 200 120 0 10 µF 1 ~1 F 
ti 1-1 MO 1.100 pF 1·1 kH 110 M 120 0 120 0 1 µF 1 1•F 
j 11 MO 110 pF 11 kH H kH 120 0 2.500 0 1 µF 0·1 1•F 
k 110 MO 11 pf 110 kH 11 kH 2.500 0 2.500 0 0·1 µf 0·1 µf 
m - H pF - - 2,500 Cl 2.600 0 0·1 µf 0·1 µf 
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0 .1% Universal Bridge 

D Measures L: 0.1 µH to 110 henries at 1 and 10 kHz 

D Measures C: 0.1 pf to 110 µf at 1 and 10 kHz 

D Measures R: .0030, to 110 Mo, at d.c. 

D 0.1% accuracy 

D Discrimination: 0.01% of full-scale 

( ... ,. , .. ,.)o . ··~1· 

The TF 1313A is a wide-range general-purpose impedance 
bridge with a measurement accuracy of 0· 1 %. 

At balance. the Inductance, Capacitance. or Resistance 
value is read from the concentric dials of the coarse and 
fine main balance controls. The coarse control is. in fact. 
a 110-position switch; and its associated dial is directly 
calibrated. with the units and numerical markings 
appearing in shuttered w indows coupled to the function 
and range selector switches to avoid any possibility of 
confusion. The continuously variable fine control also 
l1as a directly calibrated dia l - the reading being added 
to that of the coarse control - and it permits accurate 

interpolation between the switched steps to an ultimate 
reading discrimination of 0·01% of full -scale. 

Comprehensive phase balance arrangements permit 
measurement of all a.c. impedances within the range of the 
instrument in either the series loss or parallel loss con
figuration at 1 kHz or above. Most of the cases met in 
practice can be measured in the appropriate configuration 
at lower frequencies; but. in order to permit measurement 
in those comparatively rare instances where the loss 
factor of the impedance is outside the range of t he balance 
controls. the facility is provided for connecting an external 
variable resistor to panel terminals . 
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Provision is also made for the injection of a d.c. polarising 
voltage for use when testing electrolytic capacitors. 
Incremental inductance measuremen t can be made by the 
use of the D.C. Choke Ad aptor TM 6113 connected 
externa lly. 

The out-of -balance voltage is indicated by an a.c. ampli
fier detector. which has adequate sensitivity over the whole 
of the measurement range. When the bridge is d.c. ener
gised for resistance measurement. the amplifier is preceded 
by a photo-electric chopper to convert the d.c. out-of
balance voltage to an a.c. signal. The internal a.c. excitation 
source can be switched to operate at either 1 kHz or 10 
kHz. the amplifi er detector being switch tuned to the 
appropriate frequency in order to avoid errors due to 

RESISTANCE 
MEASUREMENT 

Range 

Accuracy 

Residual resistance 

INDUCTANCE 
MEASUREMENT 

Range 

Accuracy 

Residual inductance 

CAPACITANCE 
MEASUREMENT 

Range 

Accuracy 
(when D is not greater 

than 0·031) 

Residual capacitance 

TEMPERATURE 
RANGE 
Temperature coefficient 

·0030to110 MO on eight ranges with 
maxima of 11 o to 110 MO in decade 
steps. 
Basic measurement error : Less than 
:::0· 1 % of reading. or - 0 ·015% of 
range maximum. whichever is greater. 
Range errors : 110 O 10 1·1. Mo 
ranges. inclusive - basic errors only. 
11 o and 11 M o ranges - basic 
errors. and acld1 t1onal .! 0 · 1 % of 
reading. 
11 Mox 10 range - basic errors. and 
additional !· 0·15% of reading. 
Less than 0·003 o 

0· 1 [LH to 110 hennes 1n seven 
ranges with maxima of 110 µH to 
11 O henries 1n decade steps 
Basic measurement error at 1 kHz: 
Less than - 0·1 % of reading. or 
- O·O 15% of range maximum. 

whichever 1s greater. 
Basic measurement error at 10 kHz: 
Less than · 0 ·2% of reading. or 
:!:; 0·025% of range maximum. 
whichever is greater. 
Range c1rors : 1 ·1 mH to 11 henry 
ranges inclusive - basic errors only. 
11 O µH and 110 henry ranges -
basic errors. and add1t1onal =:0· 1 % oi 
reading 
Additional erro1s at low 0: 

f 
=: (0· 1 x 0 )%. where f is in kHz. 

Less than 0·05 µH . 

0· 1 pF to 110 ILF 1n seven ranges, 
with maxima or 110 pF to 11 0 ILF in 
decade stops. 
Basic measurement error at 1 kHz: 
Less 1ha11 I 0· 1 % or reading. or 
± 0·015% or iange maximum. 
whichever is greater. 
Basic measurement error at 10 kHz : 
Less than -L0·2% of reading. or 
0·025% of range maximum. whichever 
is greater 
Range errors : 0·0011 to 11 µ F ranges 
inclusive - basic errors only. 
11 O pF and 11 0 ILF ranges - basic 
errors. and additional :!:;0 · 1 % of 
reading. 
Less than 0 ·05 pF. 

1 S°C to 28°C for the stated accuracies. 
Additional error of ± 0·01 % per 
degree C. for tempera tures between 
10°C and 1 s•c. 28°C and 35°C. 

TF 1313A 

distortion or to non- linearity in the impedance under test. 
For measurement at frequencies other than 1 or 10 kHz. 

an external source may be connected via a telephone jack 
on the front panel : inserting the plug into this jack auto
matically stops the interna l oscil lator. 

The output from the detector amplifier is available at a 
second jack socket on the front panel. This is usefu l when it 
is desirable to connect the bridge to a special form of 
balance indicator such as an oscilloscope or selective 
voltmeter for use at frequencies other than 1 or 10 kHz. 
Insertion of the plug into the jack disconnects the fil ters 
from the amplifier but leaves the meter in circuit. permitting 
the use of the internal detector. in an untuned condition. 
when an external osci llator is used. 

0 AND D 
MEASUREMENT 

Range 

Accuracy 

BRIDGE SOURCES 
AND DETECTOR 

Internal sources 

External oscillators 

Additional L and C 
errors 

CAPACITOR BIAS 

POWER 
REQUIREMENTS· 

A.C. mains 

DIM ENSIONS 
AND WEIGHT 

ACCESSORIES 
Supplied 

Optional 

1 kHz 10 kHz 
Low 0 : O"to 3 0 to 30 
Normal 0: 0 ·5 to 31 5 to 310 
Normal D: ·0005 to ·031 ·005 to ·031 
High D : ·005 to 3 Not required 
Normal 0: ±5% of reading. ±0·5% of 
full-scale. 
Normal D: ±5% of reading. 
Low 0 and High D : ± 10% of reading, 
± 3% of full-scale. 

Additional D or ~error below 1 kHz 

Less than ± ·0005 with correction 
supplied or less than ± ·0015 w ithout 
correction. 
(Above 1 kHz multip ly by f kHz.) 

1 kHz and 10 kHz oscillators for L and 
C measurement. accuracy ± 2·5%: 
output level. depending on loading. 
up to 750 mV. 
D.C. supply for R measurement : 
Less than 100 mW component 
loading 
Frequency range : 20 Hz to 35 kHz. 
Input level required: 3 to 20 volts 
depending on frequency. 
(An ex1ernal tuned detector is also 
necessary 10 achieve the quoted 
measurement accucacies.) 
Typically : Frequency 

20 Hz 
100 Hz 
20 kHz 
35 kHz 

% error 
"'"- ·05 
± ·03 
± 0·2 
±0·35 

Up to 350 volts d.c. may be applied 
for polarising electrolytic capacitors. 

100 to 130 volts and 200 to 250 volts. 
45 to 180. 275 to 300. 366 to 400 Hz. 
25 VA. 

Height Width Depth Weight 
1H 1n. 19; in. 10 in. 29 lb. 
(30 cm) (50 cm) (26 cm) (13·2 kg) 

Three telephone plugs. type P40. for 
external oscillator and detector and 
b ias iacks. 
TM 6113 D.C. CHOKE ADAPTOR 
Enables d.c. currents up to 200 mA from 
an external supply to be passed through 
inductors under tes t at 1 kHz in the 
range 100 mH to 100 henries: fitted 
w ith tes t leads for attaching to bridge 
terminals. Errors introduced by the 
adaptor do not generally exceed 3% 
and may be eliminated by simple 
subslltuuon methods. 
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Circuit Magnification Meter 

The symbol Q and the term Circuit Magnification are 
generally taken to be synonymous : but technical usage 
has produced a second-more common-meaning for 0. 
which is sufficiently different from magnification to cause 
ambiguity in certain circumstances. 

Magnification is a term really applicable only to series 
tuned circuits at resonance. where 0 is equal to the 
ratio of the voltage developed across either reactance to 
the applied e.m.f.: i.e .. V /E in Fig . 1. The current in the 
circuit at resonance is equal to E/Rr. where Rr is the total 
effective series resistance in the circuit. At resonance the 
inductive and capacitive reactances are. of course. equal, 
and we can write 

V=X.E/Rr. so that V/E=X/Rr=O. 
But in this context Rr is the total effective series 

resistance in the circuit. as distinct from the loss resistance 
of either of the reactive elements. 

Taking the point that in practical tuned circuits most of 
the loss is in the inductor. it has become customary to 
specify the loss in inductors in terms of 0. on the assump
tion that the associated capacitor is virtually loss free : and 
the philosophy is then extended to regard 0 as a general 
statement of X/R for any reactive component. either 
capacitive or inductive. 

It is. however. often more convenient to use the 
reciprocal term. 0 or dissipation factor. which is equal to 
R/X. For low loss components. this is numerically nearly 
equal to the power factor or ratio of true power to VA. 
Power factor may be represented by the cosine of phase 
angle</> between the voltage and current vectors. In other 
words. cos cf> is the ratio between resistance and impedance 
-as distinct from reactance (see Fig. 2). The dissipation 
factor. 0, is equal to the tangent of the complementary 
ang le. 15. and the expression tan 15 is frequently used as an 
alternative to the symbol 0 . 

Circuit Q 

Expressed as X/Rr. 0 is the magnification of a series 

R 

E L 

Fig. 1 

v 
~ 

x 

resonant circu it. but. in practical selective amplifiers. etc .. 
parallel tuned circuits are probably more common. With 
these. the term magnification has very little meaning. and 
the significance of the circuit 0 is in its relevance to 
dynamic resistance and bandwidth. 

If resonance of a parallel circuit is defined as the 
frequency at which the circuit becomes purely resistive. 
the dynamic resistance is equal to the parallel combination 
of the effective shunt loss resistances of the reactive 
circuit elements-RP in Fig. 3. If Rp is then regarded 
wholly as the shunt loss in either element O=tan 15= X/Rp. 
and hence. O=Rp/X. 

The dynamic resistance is thus equal to wLO or 0/CJlC 
For 0 va·lues above 1 O. the dynamic resistance is very 
nearly equal to L/CRs. where Rs is the effective series 
resistance. but it must be remembered that this expression 
1s an approximation. which is not valid for very low O 
values. 

The - 3d8 bandwidth of a series tuned circuit is taken 
a~ the ~nterva l between the two frequences (f1 and f

2
) 

either side of resonance where the voltage (Vb) across 

either reactance is equal to v+ of the voltage (Vr) at 

resonance. If 6. f=f1-f2 • O= fo/ 6. f. where f0 is the 
resonance freq~en~y. The same expression is applicable 
to a par~llel c 1 rcu1~ when f, and f2 are ·defined as the · 
frequencies at which the dynamic impedance of the 

circuit falls to v' ~ times the dynamic resistance -at 

resonance. When a parallel tuned circuit is fed from a 
constant curren~ S?Ur~e (e.g., a tran~istor or pentode) the 
:'oltage across 1t 1s directly proportional to the dynamic . 
impedance . . so that the symbols Vr and Vb can be applied 
to both series and parallel networks. 

The general expression for bandwidth at any voltage 
ratio can then be written as 

c 

L 

R 
Fig. 2 Fig. 3 
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Resonance Frequency Chart 

This abac gives the resonance frequencies of series 
tuned circuits over the capacitance range of the Circuit 
Magnification Meter TF 1245A and the inductanoe range 
10 µH to 100 µH. Within this range the frequency is read 
directly on scale A. The ca pacitance or inductance range 
can be extended in decades in either direction by multiply
ing by the appropriate power of ten; i.e .. 1 On. The fre
quency must then be multiplied by 1 o-n/2, and to avoid 

unnecessary calculation scale 8 indicates the frequencies 
of scale A multiplied by 10-112. . 

If the capacitance is equal to the scale reading multiplied 
by 1 One and the inductance is equal to the scale reading 
multiplied by 1 OnL, n =nc+ nL. 

Example: C= 150 pF. L = 20 µH; line X-X gives 
frequency on scale A as 2·9 MHz. 

But if C= 150 pF. L=200 µH (20 x 10) . frequency is 
read from scale 8 as 0·92 MHz. 

MHz 
pF 

500 

400 

350 

200 

x 

100 

90 

80 

70 

50 

c 

A B 
0·2 

1·5 
5·0 

6·0 
2·0 

7·0 

I 
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Circuit Magnification Meter 

with Oscillators, types TF 1246 and TF 1247 

D Frequency range: 1 kHz to 300 MHz 

D Very low residual loss 

D Capacitance range: 7.5 to 500 pF 

D Measures 0 from 5 to 1,000 

D Delta-0 and 0 multiplier facilities 

D External oscillators, customer selected 

6 40>r/'·~~Q~CtLU1011l ® ...... ,.,,,.~ ... 
"4~ftC0'•111.it11tU~CllT$- ("I e 0 @ '""'~ - e ••111:.t 'Ii 

OfT 

ti) Q 

0 f'l(CAClCI O Q 
,.AbtlN C!i(;l;,t.NI) 

TF 1245A is a wide range Circuit Magnification Meter 
suitable for direct measurement of Q va lues from 5 to 
1000 at any frequency between 1 kH z and 300 MHz. It 
utilises the well known series-resonance method of 
measurement; and the constant very low loss of its test 
circu it is an important feature. particularly at high frequen-

0 

0 

0 0 

Q Meter and TF 1246 Oscillator 

cies. where difficu lty is experi enced w ith some Q meters 
due to variations in a significant residual shunt loss. 

The TF 1245A gives accurate and repeatable indicati on 
of Q up to 1000 at all frequencies within its range 
regardless of the dynamic impedance of its resonant 
circuit. 
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TF 1245A 

External oscillators Specification for TF 1245 A 
The 0-indicator and test-circuit section is a separate unit 
energised by one of two specially designed external 
oscillator units TF 1246 and TF 1247: these have ranges 
of 40 kHz to 50 MHz and 20 to 300 M Hz respectively, and 
one or both can be supplied as requi red. Below 40 kHz 
an l.f. oscillator such as the Marconi TF 1101 may be used". 

This flexible arrangement means economy for the 
customer. whether the initial requirement is for wide-band 
or restricted coverage; it also allows for the addition of 
extra units at a later date. 

Matching units are available to allow the osci llators to 
be used as general -purpose signal sources. 

Test circuits 
TF 1245A incorporates two separate low-loss test 
circuits to ensure optimum operating conditions over the 
complete 1 kHz to 300 M Hz range. Both are of the con
ventional series-resonant type. in which Q is measured in 
terms of the voltage developed ac(oss the tuned-circuit 
capacitance. The l.f. test circuit uses 0·02 n resistive 
injection and operates in the range 1 kH z to 50 MHz; 
whereas the h.f. test circui t. range 20 to 300 MHz 
employs 0·1 nH inductive injection. 

All surfaces of r.f. conductors in the test circuits are 
gold plated to avoid the formation of resistive oxides. 
which would otherwise cause deterioration of the very 
low residual loss. 

The test circuits are coupled to separate panel inlets 
to which the appropriate oscillator unit is connected by 
means of a special lead provided. 0 is read directly on a 
3-scale panel meter common to both test circuits and 
operated by a transductor-stabi lised va lve voltmeter. 
A second meter monitors the input level to the test 
circuits and is calibrated in terms of 0-reading multipli 
cation factor. 

For certain measurements it is desirable to read sma ll 
changes in Q very precisely. The TF 1245A therefore has 
provision for backing off the meter reading in steps of 
50 0, so that any portion of the Q range above 50 can be 
expanded. This expanded - or SQ-sca le is directly cali
brated to :f:: 25 Q from a centre zero which corresponds 
to the setting of the sw itched backing -off con trol. 
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FREQUENCY RANGE 

MAGNIFICATION 
FACTOR (Q) 

Ranges: 

a Multiplier range 

Accuracy of Q roading 

1 kHz to 300 MHz using external oscillators. 

5 to 50. 10 10 15d. and 60 to 500. w11h Q 
multiplier al x 1. 

x 0·9 10 x 2. 

With the Q multiplier at x 1 and a Q 
reading ol 50. ± 5% up to 100 MHz. rising 
to ± 12% at 200 M Hz. and± 20% at 
300 MHz. At Q readings of 150 and 500. 
moasurement accuracy falls by about ± 1 % 
lrom ligures quoted above. 

Doha-a range 25-0-25. 

NOMINAL TEST 
CIRCUIT PARAMETERS 

1 kHz 10 50 MHz 
test circuit 

20 10 300 MHz test circuit 

TUNING CAPACITOR 
(1 kHzto50MHz test circuit) 

Main capacitor 

Incremental 

TUNING CAPACITOR 
(20 to 300 MHz test circuit) 

Main capacitor 

Incremental 

POWER REQUIREMENTS 
A.C. mains 

DIMENSIONS 
AND WEIGHT 

ACCESSORIES 
Supplied 

TC 28850 

TM 5725 

TB 28691 

lnjoction impedance: resistive. 0·02 Cl. 
Shunt loss: 12 M !l at1 MHz. 

lniection impedance: inductive. 0·1 nH. 
Shunt loss: 0·3 M !lat 100 MHz. 

20 10 500 pF : accuracy. ± pF ± 1 %. 

5-0-5 pF V'.lith 0·2 increments: 
accuracy.± 0·2 pF above·50 pF. 

7·5to110pF:accuracy. ± 0·5 pf ± 1%. 

1-0-1 pFwith0·05 pF increments; 
nccuracy, ± 1 pF above 16 pF. 
Tho h.f. tast circuit capacitor can bo used 
In 1110 I.I. test circuit by externa l 
crosu-connection. 

95 lo 130 volts and 190 to 260 volts. 
40 to 100 Hz. 22 wans. 

Height 
14 in 
36 cm 

Width 
17% in 
43 cm 

Depth 
9~ in 
24 cm 

Inductor Support Platform 

Weight 
23 lb 
10·5 kg 

for suppo11ing small test components. 

Coaxial Lead 
for coupling TF 1245A 10 either TF 1246 
or TF 1247 oscillators. 

Two Tie Bars 
for bonding TF 1245A to either TF 1246 
orTf 1247 oscillators. 



TF 1245A 

OPTIONAL ACCESSORIES 

Oscillators TF 1246 and TF 1247 

Dielectric Loss Test Jig T J 155C/1 

This Jig is primar ily designed for the measurement o'f the dielectr ic loss' 
of f lat specimens of insulating material by the bandwidth-comparison 
method. It is also suitable for any measurements where small, 
accurately known changes of capaci tance are required, e.g . . self· 
capacitance and r . f. resi~tance of resistors. 
The unit compr ises a precision circular-plate capacitor to contain the 
sample under test. and a linear-law incremental capacitor by which the 
bandwidth is determined; adjustment is by micrometer head calibrated 
in mi llimetres. It is mounted on a low-loss ceramic base and the 
a5semb ly is arranged for attachment to the l.f. test ci rcui t terminals of 
the Q Meter. The Jig is supplied in a felt- lined wooden case. 

Specif icat ion 

RANGE 
TF 1246 40 kHz to 50 M H z in 8 bands. 

TF 1247 20 to 300 MHz in 6 bands. 

Frequency Accuracy 

Output 

POWER REQUIREM ENTS 
A.C. mains 

D IMENSIONS 
AND WEIGHT 

ACCESSORIES 
Optional 

TM 5726 fo"r TF 1246} 
T M 6727 for TF 1247 

± 1%. 

Sui table for use with TF 1245; or w i th 
optional Matching Unit added. approx. 
4 volts across 50 O load. 

100 to 1 50 volts and 200 to 250 volts. 
40to 100 Hz. 

Width 
101 in 
26cm 

50•1 Matching Units 

Depth 
9! in 
24 cm 

Weight 
21 lb 
12kg 

Enables oscillator to bo usod as 50 o 
general-purpose test source. 

TM 6728A 600 to 0·5 ohm, 1 to 40 kHz Transformer 
For coupling to a conventional I.I. oscillator. 

Specification 

RANGE 
Tan O 

R 

Accuracy 

Thickn en of Specimen 

Electrodea 

Equivalent 
ahunt·losa of J ig 

Varies with capacitance of specimen 
within overall limits 0·001 to 0·07. 

Varies with frequency within overall limits 
100k0to 10 M 0 . 

Approx.± 5%. 

Upto 9·5mm. 

1 in. diameter, with edges bevelled to 
minimise fringing. 

About10 MOat 1 MH •. 
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TF 1245A 

OPTIONAL ACCESSORIES 

Series Loss Test Jig T J 230 

Specification 

T J 230 enables the measurement of small values of R and Land large 
values of C to be made by connecting them in series with the test 
circuit of the Q Meter. 

MEASUREMENT RANGE 

The unit consists of a printed-circuit base on w hich are mounted 
sockets to accept the TM 1438 series of inductors. and a pair of 
low inductance series-connection terminals across w hich the 
unknow n is connected. The Jig is arranged for connection to the 
l.f. test circuit terminals of the Q Meter. · 

lnductorsTM 1438 series and TM 4947 series 

A range of twenty-one inductors. any of which can be supplied 
separately. is available for use with the 0 Meter. Two basic series are 
available: 
TM 1438 series: for l.f. test circuit; eighteen fully screened inductors 
on ceramic formers, fitted with "banana" plug connectors. Values 
range from 0·2µH to 25 mH; each ad justed to within ±3% ± 0·05µH 
of its nominal value. Can be supplied as a complete set type TM 4520, 
in a polished hard-wood case. 
TM 4947 series: for h.f. test circuit; three fully screened inductors 
fitted with spade-lug connectors. 
The inductors available and details of their frequency coverage are 
given in the table below. 

161 

ACCUR~CY 

Type 

TM 1438A 
TM 14389 
TM 1438P· 
TM 1438C 
TM 14380 
TM 1438E 
TM 1438F 
TM 1438G 
TM 1438R 
TM 1438H 
TM 14380 
TM 14381 
TM 1438J 
TM 1438K 
TM 1438L 
TM 1438M 
TM 1438N 
TM 14380 
TM 4947/1 
TM 4947/2 
TM 4947/3 

C 480 RF to 0 ·25 µF. 

L 0 ·005 µH at 50 M Hz to 25 mH at 40 kHz. 

R 0·0030 at 50MHzto 1·5 k O at 40kHz. 

C and L Maximum accuracy of about 4% when 
C reading changes by 2:1. 

R Maximum accuracy of about 10%when 
0 of circuit is halved. 

Approx. Approx. Approx. 
Nominal Magnifi· Solf-Capa· Frequency 

Inductance cation ci ty pf Range 

0·2 µH 200 8 40- 15 MHz 
1 ·0 µH 200 8 22-8·5 MHz 
1 ·5 µH 200 e 18-6·5 MHz 
2·5 µH 200 8 14-5·2 MHz 
5·0 µH 200 e 9-3·5 MHz 
10 µH 200 8 6·5-2·5 MHz 
25 µH 200 8 4·3-1 ·6 MHz 
50 µH 200 8 2·9-1·1 M Hz 
75 i.oH 200 8 2·4-0·9 MHz 

100 µH 200 8 2·0-0·B MHz 
200 µH 200 8 1"5-0'. 6 MHz 
250 µH 200 8 1·3-0·5 MHz 
500 µH 160 9 970-370 kHz 
l ·O mH 160 9 680-270 kHz 
2·5 mH 150 10 410-1 50 kHz 
5·0 mH 130 10 280-1 10 kHz 
l O mH 80 11 220-80 kHl 
25 mH 80 11 140- 50 kHz 

2·5 µH 350 4·0 20-30 MHz 
0·5 µH 350 1 ·5 25- 70 M Hz 

0·05 µH 300 1 ·2 70-230 MHz 
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Oscil loscope 

D 30 MHz bandwidth at 50 mV /cm 

D Comprehensive measu rement faci lities 

D Plug-in X and Y deflection units 

D Solid state active elements 
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The Basic Unit 

This conta ins the cathode- ray tube with the appropriate 
brill iance and focussing control systems. the power supply 
units. and the main X and Y amplifier systems. Semi
conductors are used for all the active circuit functions 
except for input stages. where there is a possibil ity of 
damaging transistors by excessive overload. Valves used 
in these positions are connected as cathode followers. a 
configuration in which changes in parameters due to 
ageing or supply variations. are fully compensated for. The 
valve types have been specially chosen for low noise and 
low microphony. 

The Display 

A 10 kV p.d.a . cathode-ray tube ensures an adequately 
bright trace even at the highest writing speeds.The medium 
persistence P 31 phospher is regarded as standard. but 
other phosphers are available and. if required should be 
requested when ordering. 

Following current Marconi styling. the TF 2201 is fitted 
with a c.r.t. bezel having a rectangu lar viewing aperture. · 
the display .area being nominal ly 6 cm x 10 cm. This bezel 
carries the measurement graticu le and accepts the current 
ran ge of viewing attachments. Of these. the Graticule 
Projector completely obvi ates parallax error. Details of 
the available measurement graticules and of the Graticule 
Projector are given in a separate leaflet about Oscilloscope 
accessories. 

The Deflection Systems 
The main deflection amplifiers. which are housed in the 
basic unit. form the links between the plug-in X and Y 
deflection units and the plates of the cathode- ray tube. 

A 180 nsec signal-delay network in the later stages of 
the vertical deflection system ai'lows observation of the 
leading edge of a triggering waveform. The early vertical 
amplification stages are. of coutse. contained in the plug- in 
pre-amplifier units. which also carry the appropriate Y 
gain and shift controls. 
The horizontal deflection waveforrn is normally derived 
from the time base generator in the plug-in time base unit. 
The X gain (expansion) and shift controls. however. form 
part of the main amplifier housed in the basic unit. The 
expansion control is continuously variable up to 5 times 
the normal 10 cm sweep width. giving the equivalent of 
5 times the ·calibrated time base speed. 
Closely associated with the deflection systems is the 
provision for Z modulation via a terminal at the rear of 
the instrument giving electrical access to the cathode of 
the c.r.t. 

TF 2201 

Voltage and Time Measurement 

The TF 2201 has provision for two methods of ampl itude 
and time measurement. For rapid measurement or photo 
graphic recording. the Y amplifier gain and horizontal 
sweep velocity can be standardised to facilitate direct 
reading from the calibrated graticu le. Or. for higher 
discrimination. directly ca librated shift controls can be 
used to measure ampli tudes or time intervals by slide 
back method. 

These calibrated controls apply accurate d.c. shift 
voltages to the input stages of the appropriate deflecti on 
amplifiers so that the measurement accuracy is completely 
independent of sensitivity and linearity of the overall 
deflection system. As the accuracy is. thus. unaffected by 
the setting of Y gain or X expansion. absolute voltage and 
time measurements can be made on very small parts of the 
displayed waveform. The usefulness of this faci lity is 
further increased by the inclusion of a potential divider 
which can be switched into circuit to reduce the d.c. shift 
voltage by a factor of ten to give effectively ten times the 
normal measurement discrimination. 
For operational convenience. a reversing, switch is also 
provided by the ampl itude measurement control. and this 
effectively doubles the scale length. 

Low Power Consumption 
The power consumption of the TF 2201 is only 130 watts 
compared with the 600 watts consumed by the equivalent 
type of valve operated oscilloscope. A cooling fan. with Its 
associated noise and dust. is therefore not required. Very 
efficient voltage regulation is achieved due to this low 
consumption. and the stability of the instrument is main
tained over supply voltage varicitions of at least 10%. 

The generally lower operating temperature also contributes 
to the long term operational stability. so that the Y amplifier 
drift is virtually negligible. and the need for adjustment to 
pre-set controls occurs much less frequently than in valve 
operated oscilloscopes. 

Environmental Testing 
In common with other Marconi equipment. the TF 2201 
has been subjected to thorough environmental tests at all 
stages in its development; and the abi lity of the instrument 
to ·withstand shock. vibration. and the extremes of tem
perature and humidity has been fully· proved. 
Its full performance specification is retained at temperatures 
up to 40°C. and it can be used safely at temperatures up to 
55° C. 
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Basic Unit TF 2201 

Modular Construction 

Ease o f maintenance is an important factor in the reliability 
aspec t o f an instrument's performance. It is, of course, 
essential that fai lures are mfrequent; but it is equally 
necessary tha t. in the event of a breakdown. the fault can 
be loca ted and repaired quickly. With this philosophy in 
mind. the TF 2201 has been so constructed that the 
elec trical circuits take the form of easily detachable 
modules. Most of these can be removed from the main 
frame w ith little or no unsolderi ng of connections_ 

The handbook supplied with the instrument includes 
instructions for tracing a fa ult to a parucular module. 

CATHO DE RAY TUBE 

English Electric 948H or Mullard 
D l 3-228H fla1 face mesh tube 
w ith P31 phosphor. Other phos 
phors available to special order. 
Direct access to deflector plates. 

Diameter 5 in. 

Display area 6 x 10 cm. 

Y -plate sensitivity Nominally 3 volts. 

X-pla te sensitivity Nominally 9 volts for English 
Electric tube or 10 volts for 
Mullard tu be. 

Z Modulation Via C.R.T. CATI I jack socket 
Requires negative going pulses of 
from 5 volts to 30 volts peak. 
depending on frequency. Input 
impedance is 22 kn in series w ith 
002 µF. 

TIME MEASUREMENT 

By time scafe X1 0 (NORMAL) mode gives 1 O cm 
potentiometer shift at minimum expansion with 

an accuracy or :L 2% of ful l scale. 
Xl mode gives 1 cm shi ft at 
minimum expansion with an 
accuracy of ± 5% of full sca le. 

Using standard graticule Accuracy is J 3% of 1 O cm dispfay. 

Electrical circuits take Ille form of easily detachable 
modules - see MODULAR CONSTRUCTION 

VOLTAG E 
MEASUREMENT 

By volts scale X10 (NORMAL) mode gives 10 cm 
potentiometer shill w ith an accuracy of ± 2% 

of full scale. 
X1 mode gives 1 cm shift w ith an 
accuracy o f ± 5% of full scale. 

Using standard graticule After standardisation against 
internal 5 cm CAL w aveform the 
accuracy is ± 3% of 6 cm display_ 

X AMPLI FIER 

3 d B bandwidth D.C. to greater than 4·5 MHz. 

Expansion Con tinuously variable from X1 to 
greater thon X5. 

Sensitivity 800 mV/ cm at minimum expansion. 
increases to grea ter than 
1 60 mV /cm at maximum expansion. 

Sweep width At least 10 5 cm at minimum 
expansion. 

X-Shift The display can be moved through 
at least 11 cm at minimum 
expansion. 

POWER 
REQUI REM ENTS 

95-135 volts or 90-260 volts; 
45-500 Hz 130 watts 

DIM ENSIONS 
AND WEIGHT 
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Height 
16;} in 
(41-3 
cm) 

W id1h 
11 ~ in 
(29 ·2 
cm) 

Depth 
2 5~ in 
(64·1 
cm) 

Weight 
64 lb 
(29·2 
kg) 



Time Base Unit TM 6967 

The twenty-two switch-selected time base ranges of this 
plug-in unit provide cal ibrated sweep velocities from 50 
nsec/cm to O· 5 sec/cm. By using the X expansion facility 
of the TF 2201 the maximum sweep velocity can. 
of course. be increased to 10 nsec/cm. The saw tooth 
sweep w aveform and the trace brig htening waveform 
are available from panel terminals. There is also provision 
for stopping the internal time base generator and applying 
an external horizontal deflecti on voltage via a BN C socket 
on the front panel. 

An extern al trigger signal can be applied via a BNC socket. 
or the time base can be triggered internally either from 
the displayed waveform or at the mains supply frequency. 

Four trigger modes are ava ilable as fol lows: 

NORMAL - With the STAB ILITY control fully counter 
clockwise, the time base operates in the truly triggered 
condition, and there is provision for triggering at any 
voltage level on positive or negative going transients. 

AUTO - The time base free runs at about 40 Hz in the 
absence of a triggering signal. but locks positively to it 
when a signal is present. The STAB ILITY control is out 
of use. 
AUTO FAST - This is simi lar to the AUTO mode except 

TIME BASE OUTPUTS 

Sweep rate 10 nsec/cm to 500 msec/ cm in 22 
ranges. 

Sweep output at Negative-going saw tooth of 
TB OUT terminals +6 volts and - 2 volts peaks w ith 

wai ting potential of + 2 volto. 

Gate output at Nega tive-going at start of each 
BU OUT terminals sweep. 

TRIGGER FACILITIES 

2 volts peak amplitude (from 
cathode follower) 
Pulse has dura tion of ti rne. base 
sweep. 

Modes The TRIG MODE selector g ives 
choice of A UTO. AUTO FAST, 
NORMAL and TV Fl ELD. 

Source The --EXT- INT sw itch selects 
source from mains supply, external 
signal. or internal Y signal. 

Coupling The trigger source can be a.c. or 
d.c. coupled to the time base. 

Slope The + / - switch allow s the 
triggering point to be set on either 
the posi tive or negative slope of the 
triggering w aveform. 

Trigger input TRIG INPUT has impedance of 
1 M 0 ± 10% with 40 pf in shunt. 

TIME BASE UNIT 
TM 6967 ' 

\ 

l'rlg ~ I 
' Input q 

that the free run is at 10 kHz to provide a brighter basel ine 
at high sweep velocities. 

TV FIELD - A passive integrating circui t is introduced to 
permit locking to field synchronising pulses wh ile ignoring 
line pulses. This mode is otherwise similar to NORMAL. 

NORMAL mode 
D.C. coupled d.c. to 20 MHz 

NO.AMAL mode 
A.C. coupled 15 Hz to 20 MHz. 

AUTO 45 Hz to 15 M Hz. 

AUTO FAST 10 kHz to 1 5 MHz. 

H.F. sync Up to at least 40 MHz using 
STABI LITY control. 
When no triggering signal is 
available the time base will free 
run in the A UTO posi tions at t he 
fo llowing frequencies : AUTO 
approximately 40 Hz. 
AUTO FAST approximately 10 kHz. 

TV FIELD mode Triggering is by integration of the 
vertical sync pulses in a composite 
TV waveform. 

TRIG LEVEL control 

Suitable for use with 50 Hz or 
60 Hz field repeti tion rates. The 
time base triggers once every field 
provided that the sync pulse is at 
least 5 mm p -p amplitude on t he 
screen. 

for ·internal source Covers one w indow height (6 cm.) 

TRIG LEVEL control 
for external source Covers ± 6 volts. 

In the AUTO and AUTOFAST 
position the TRIG LEVEL control is 
inoperative. 

TRIGGER 
REQUIREMENTS 

The fo llowing frequency limits are 
for 3 mm p-p of sinusoidal display 
for internal trigger source. or 

DIMENS10NS 
~ A:ND WEIGHT 

Heigl :! 
7~ in 
(18·4 

Width 
5~in 
(14 
cm) 

Depth 
13~ in 
(34·9 

Weight 
4 lb 

(1 ·82 
kg) 

600 mV p-p of sinusoidal signal for 
external trigger source. l 
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Dua l T race U nit TM 6971 

The Dual Trace plug-in unit comprises two identical 
pre -amplifier input channels. each basically similar to that 
of the Single Trace Unit. and an electronic beam switch to 
provide the dual trace display. Two input waveforms can 
be displayed separately. the desired input channel being 
selected by means of a panel switch; they can be dis
played simul taneously uti lising the dual trace mode of 
operation: or they can be added algebraically and dis 
played as a sing le composite waveform. As there are 
polarity reversing switches for both input channels. this 
last mode of operation can effectively be used to provide 
differentia l input facili ties. 

For dual trace operation. the beam switch can be set to 
display the two channel waveforms on alternate sweeps. or 
it can chop from one channel to the other at a nominal 
switching rate of 500 kHz. 

Provision is made for the use of two Cathode Follower 
Probes - one for each input channel - and a 0·5 volt 
calibrating voltage is brought to an output point as for the 
Single Trace Unit. The gain of each of the input channel 
amplifiers can be standardised independently against an 
internally generated calibrating waveform for amplitude 
measurement utilising the cali brated graticule. For slide 
back measurements - using the calibrated vert icle shift 
controls - the shift voltage can be connected to either 
input channel or disconnected from both by means of a 
three position switch. 

DISPLAY SELECTION 

The DISPLAY selector gives: 

ALT Channels 1 and 2 displayed on 
alternate time base sweeps. 
Channel 1 only. 

SU M Algebraic sum of both channels. 
2 Channel 2 only. 

CHOP Chopped display of both channels 
at 500 kHz switching rate. 

,..-------=:- DUAL TllACE UNIT 

r ~ TH6971 
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Gain standardisation CAL posi tion of VOL TS/ CM 
switch displays 250 mV ± 2% 
calibration w aveform at the maxi
mum sensi tivity of 50 mV /cm (see 
manual EB 2201 for voltage 
measurement accuracy) . 

Y-SHJFT Separate Y-S HIFT controls are 
provided for each channel. With 
each control the display can be 
moved through at least 1 2 cm with 
the GAIN control at CAL. 

3 dB BANDWIDTH INPUT IMPEDANCE 1 Mn with 27 pF in shunt at all 
input sensitivities. 

D.C. coupled input D.C. to at least 30 MHz. 

A.C. coupled input 2Hz or lower to at least 30 MHz 

TRANSIENT 
RESPONSE 

SENSITIVITY 

Rise time 

Overshoot 

Not greater than 
1 2 nsec 
Not greater than 
5% 

1 At any position 
( of GAIN and Y
J SHIFT controls 

Range Each VOL TS/CM switch provides 
ten switched ranges in 1-2-5 
seq uence from 50 mV/cm to 
50 V/cm. 
Jn addition the uncalibrated GAIN 
control provides variable adjust 
ment over a nominal 2·5 :1 range 
at each step. 

POLARITY REVERSAL To simplify the comparison of 
signals 180' out of phase. the 
polarity of either channel may be 
reversed. 

TIME DIFFERENCE Less than 1 nsec. 
BETWEEN CHANNELS 

PROBE OPERATION 

Probe 0·5 volt 
CAL signal 

C.F. PROBE socket 

DIMENSIONS 
AND WEIGHT 
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A 0·5 vol t ± 1 ·5 Hz square w ave 
is provided at a stud on the front 
panel. Output impedance is 
nominally 1 kn. 

Provides supplies for operating 
Cathode Follower Probe 
TM 6942A. 

Height 
7:\ in 
(18·4 
cm) 

Width 
5! in 
(14 
cm) 

Depth 
13~ in 
(34'9 
cm) 

Weight 
5-klb 
(2-5 
kg) 



High Sensitivity Dual Trace Unit TM 6972 

CHI Input c; d • • DUAL TRACE UNIT 

=1.~ Ci" . "'"" . 
• 
-=.k:'· 

DISPLAY SECTION The DISPLAY selector gives:-

ALT Channels 1 and 2 displayed on 
alternate time base sweeps. 

Channel 1 only. 

SUM Algebraic sum of both channels (i.e. 
Channel 2 ± Channel 1 ). 

2 Channel 2 only. 

CHOP Chopped display of both channels at 
1 MHz switching rate. Beam 
blanking to suppress transients. 

3db BANDWIDTH 

D.C. coupled input D.C. to 30 MHz. 

A.G. coupled input 4 Hz to 30 MHz. 
L.F. response 0·4 Hz when used 
with TM 811 O probe switched to 
x 10 (3 dB point) . 

TRANSIENT 
RESPONSE 

Rise time Not greater than 12 ns 

Overshoot Not greater than 5% 

SENSITIVITY 
Range Each VOLTS/ CM switch provides 

eleven switched ranges in 1-2-5 
sequence from 5·mV / cm to 10 V / cm. 

Accuracy ± 3% using graticule. 
± 2% using the measuring dials. 
A twelfth position on the switch 
permits gain standardisation to 3%. 

Pre-set variable gain . Screwdriver adjustment. 

Uncalibrated gain Cover greater than 2 · 5 : 1 . 
·control 

VERTICAL POSITION Separate VERTICAL POSITION 
R·ANGE controls are provided for each 

channel. With each control the 
display can be moved through at 
least 24 cm. 

INPUT IMPEDANCE 1 MO with 18 p-F in shunt at all 
sensitivities. 

MAXIMl:JM INPUT 500 volts combined d.c. and a.c. 
VOLTAGE peak. 

This plug-in unit provides basically simi lar facilities to 
those of Dual Trace Unit TM 6971. but has an input 
sensitivity of 5 mV/cm from d.c. to 30 MHz on each 
channel. 

Outputs from both Y preamplifiers are also available from 
appropriately marked panel sockets. The Channel 1 output 
ga in is 10 :1 over the bandwidth d.c. to 20 MHz. For sing le 
channel operati on, therefore, the Channel 1 preamplifier 
can be cascaded with Channel 2, giving an· overall 
maximum sensitivity of 500 µV /cm. Channel 2 output is 
primarily ·intended for coherent triggering on dual trace 
displays. the output socket being connected external ly to 
the trigger input for this purpose. The gain between 
Channel 2 input and output sockets is 80 :1 when the 
attenuator is set to its most sensitive positi.on. This gives 
stable triggering up to 30 MHz for 1 cm vertical deflection. 
For X-Y applications the Channel 2 output can be fed to 
the X input socket. to give an effective horizontal deflec
tion sensitivity of 10 mV /cm with the X expansion control 
at minimum. By adjustment of this control the X sensi 
tivi ty can be matched to the Y sensitivity to give a 5 mV /cm 
X-Y facility with less than 3° phase shift for frequencies up 
to 50 kHz. 

POLARITY INVERSION Signals on Channel 1 only may be 
inverted. 

TIME DIFFERENCE 
BETWEEN CHANNELS Less th an 1 nsec. 

VOLTS SCALE A three-position switch CH1 -OFF-
CH2. permits volts scale 
measurement on either channel. 

BREAKTHROUGH 

Common mode Rejection greater than 20 dB at 
30 MHz. 

Socket to socket Rejection 80 dB over the bandwidth. 

Gate breakthrough 40 dB over the bandwidth. 

CH1 OUTPUT 

Output b{lndwidth D.C. coupled. d.c. to 20 MHz. 
A. C. coupled. 4 Hz to 20 MHz. 

Output impedance Nominally 50!2. 

Gain x 10. 

CH2 OUTPUT A signal output from Channel 2 to 
enable triggering from one channel 
on the ALT and CHOP positions. An 
external connection to the time base 
must be made. 

Sensitivity Will trigger off a picture greater than 
1 cm up to 30 MHz. 

CH1 AND CH2 IN 
CASCADE 

Sensitivity Maximum sensitivity 500µV/cm. 

Bandwidth D.C. coupled. d.c. to 15 MHz. 
A.C. coupled. 4 Hz to 15 MHz . 

Noise Less than 4 mm at maximum 
sensitivity with the input grounded. 

C.F. PROBE SOCKET Provides supplies for operating 
Cathode Follower Probe TM 6942A. 

Calibration signal 0·5 volts ± 1·5%.50 Hz square wave 
is provided at the front panel. 

Output impedance 1 kO nominal. 

DIMENSIONS AND ·Height Width Depth Weight 
WEIGHT Hin 5!in 13i in 5!- lb 

(184 (140 (349 (2·5 
mm) mm) mm) kg) 

169 



TM 6970A Single Trace Unit 

This is a simple plug-in Y pre-amplifier giving a maximum 
sensitivity of 5 mV/cm and a 3 dB bandwidth of at leas t 
30 MHz. It can be operated either d.c. or a.c. coupled. and 
it accepts peak input amplitudes up to 500 volts. 

The 10-step input attenuator is fully compensated to 
operate at frequencies well in excess of the nominal Y 
amplifier bandwidth. I ts switch po!iiti ons are marked with 
the calibrated sensitiv ities in terms of input voltage per cm 
deflection from 0 ·005 to 10 V / cm. These calibrated sen
sitivities correspond to maximum (CAL) setting of the 
variable gain control. provision being made for stan
dardising the amplifier ga in. against an internally generated 
cali brating waveform. by means of a preset control. 
The BNC input socket is suitable for connection of any of 
the current Marconi range of input accessories. and the 
front panel also carries a supply socket for operating the 
Cathode Follower Probe TM 6942A and 0 ·5 volt output 
point for calibrating the probe. 

3db BANDWIDTH 

O.C. coupled input 

A.C. coupled input 

TRANSIENT 
RESPONSE 

Rise Time 

Overshoot 

SENSITIVITY 

Range 

D.C. to at least 30 MHz. 

4 Hz to 30 MHz. 

Not greater than ) . . 
12.5 nsec I At an_v pos1uon 

~of gain and Y
Not greater than I SHIFT controls 
5% J 

The VOLTS/CM switch provides 
eleven switched range in 1- 2- 5 
sequence from 5 mV /cm to 10 V /cm. 
The accuracy of the attenuation 
ratios is 2%. 

AC .... 
DC~ 

t 

PROBE OPERATION 

Probe 0 ·5 volt 
CAL signal 

C.F. PROBE socket 

DIMENSIONS 
AND WEIGHT 

~
SINGLE TRACE UNIT 

TM6970A 

~"> 

Col 

A 0·5 volt ± 1 ·5%, 50 Hz square 
wave is provided at a stud on the 
front panel. Output impedance is 
nominally 1 k.O. 

Provides supplies for operating 
Cathode Follower Probe 
TM 6942A. 

Height 
7:\-in 
(18·4 
cm} 

Width 
5~in 
(14 
cm} 

Depth 
13~ in 
(34·9 
cm} 

Weight 
3 lb 

(1 ·36 
kg} 

In addition the uncalibrated GAIN Accessories for TF 2 2 0 1 
control provides variable adjust-
ment over a nominal 2·5 :1 range 
at each step. 

Gain standardisation Using the CAL position of the 
VOL TS/CM control the gain can 
be standardised to the accuracy 
of 2%. 

Y-SHIFT 

INPUT IM PEDANCE 

With the Y-SHIFT control the dis
play can be moved through at least 
24 cm with the GAIN con1rol at 
CAL. 

1 M n wi th 27 pF in shunt at all 
sensitiv ities. 

Supplied : 

Optional: 
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TM 8110 2-Attenuator Probes (X1 O-X1 ). 

TM 8120 Low Capacitance Probe. 

TM 6942A Cathode Follower Probe. 

TM 8098 Graticule Projector. 

TD 43245 Rubber Hood. 

TM 6943 Extension Cable. 

TM 7279 Camera Adapter 



Oscilloscope Accessories 

TM 7424/1 M1 Oscilloscope Trolley 
A trolley with adjustable t ilting platform which allows the viewing angle of the 
oscill oscope to be adjusted. Includes an accessory drawer and housing for two plug-in 
units. 
Suitable for the TF 2201 

TD 43245 Rubber Hood 
V iewing hood for the exclusion of ambient ligh t. 

TM 6943 Extension Cable 
24 way, 18 inches long; for use when servicing plug-in units. 

Standard graticules available 
1 cm Squares (5x10 cm) 

TB 43535 Projection type 
1 cm Squares (6x10 cm) 

TC 38264 Perspex type, marked 
on the back only 

TB 43536 Project ion type 

Decibel Scale 
TB 44808 5 x 10 cm Projection type 
TB 44809 6 x 10 cm Projection type 
TC 45075 6 x 10 cm Perspex type 

K-Factor 
TB 43596 Projection type 

TM 6942A Cathode-Follower Probe 

clNPU,T '8pl!' 6. fOM O 

Tips and Attachments (suppl ied) 

High speed transients derived from fairly-high impe

dance sources ca n be conveyed t o an osci lloscope by 

means of the catl:lode-follower probe. wh ich effectively 

brings the .input stage of the oscilloscope's ampli f ier t o a 

position physically close to the output terminal of the 

source . The cathode-follow er probe presents a high input 

impedance without introducing a large amount of atten 

uation. 

Prod TB 39082 Hook TB 39083 Plastic Hook 

The Marconi TM 6942A drops the voltage by appcoxi 

mately 2 : 1. 
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Input Impedance : 

Maximum Input : 

Frequency Range : 

Gain: 

Valve Type Used : 

Connector: 

10 M n in parallel w ith 8 pF. 

3 volls p-to-p. 
4 Hz to 30 MHz 

Nominally 0·5. 

EC 1000. 

BNC Plug. 



TM 8100 Series 
TM 8560 Series 

The true shape of the pulse. measured 
on a w ide band oscilloscope fed by a 
properly terminated coaxial cable. The 
rise time of the pulse shown is 12 nano 
sec. 

Displayed shape when the pulse 
generator is connected to the oscillo
scope by means of unterminated coaxial 
cable. 

Displayed shape when the · pulse 
generator is connected to the osci llo
scope via TM 8120 Straight-Through 
Probe. 

Displayed shape when the pulse 
generator is connected to the oscillo
scope via TM 8110 Attenuator Probe in 
the X 10 condition. 

Passive Probes 
Oscilloscope 
Accessories 

D Switchable 10:1- 1:1 Attenuator Probes 

D 100:1 Attenuator Probes 

n 1:1 Straight-Through Probe 

LJ Probe Tips and Attachments 

Your osci lloscope. with its wide bandwidth and a high 
input impedance. is capable of faithfully displaying fast
rise or high-freque[lcy waveforms derived from quite high 
impedance sources. But. if the connect ion between the 
source and the oscilloscope is not made correctly. the 
waveform at the oscilloscope's input terminal is likely to be 
deformed and the fidelity of the instrument will be wasted. 

A connector consisting of a stray bit of wire and a 
crocodile clip behaves like a badly mismatched transmis 
sion line. It not only distorts the waveform but picks up any 
interference signal that may be radiated in the vicinity. 
A piece of coaxial cable may not be very much better. un
less the impedance of the waveform source is such that the 
cable can be correctly terminated. So. in order to take ful l 
advantage of the oscilloscope's capabi lities. it is often 
necessary to use a special connecting cable which meets 
the fol lowing requirements: 

It must be ful ly screened to avoid interference from 
stray fields; 

Its effective shunt capacitance must be low so that it 
wi ll not load the waveform source unduly ; 

It must have just sufficient resistive loss to ab5orb any 
reflected power without introducing significant attenua
tion. 

This type of connector is available in the convenient form 
of a straight-through probe. TM 8120. suitable for use with 
oscilloscopes having an input impedance of 1 Mn in 
parallel with 30 pF. The special cable used with this probe 
ensures that the waveform at the oscilloscope's input 
terminal is a true facsimile of that at the probe tip. 

The capacitance of the cable. however. is inevitably 
added to the capacitance of the oscilloscope, and the 
resulting reactive loading of the source may deform the 
waveform at the probe tip if the source impedance is high. 
Such deformation is reduced considerably by the use of an 
attenuator probe designed to present much smal ler capaci
tive and resistive loading. The Marconi Instruments range 
includes 10 :1 and 100 :1 attenuator probes suitable for use 
with oscilloscopes having inpu t capacitances of 30 pF and 
15 pF. 

.. 
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Switchable Attenuator Probes 

L J TM 8110 
for 1 MQ, 30 pF oscilloscope input 

impedance 

D TM 8561 
for 1 MQ, 15 pf oscilloscope input 

impedance 

TM 8110 

ATTENUATION RATIO Switchable 1 :1 or 10 :1. 

INPUT IMPEDANCE When used with a 1 MO. 30 pF 
oscilloscope : 
X1 position : R- 1 Mi1. 

C<70pF. 

X10 position: R = 10 MO. 
C<10pF. 

RISE TI ME 
X10 position only Approximately 5 nsec. 

CAPACITIVE 
COMPENSATION Adjustment to the probe allows use 

w ith oscilloscopes of 1 2 to 60 pF 
input capacitance. Best pulse 
response w ith 30 pF oscilloscopes. 

MAXIMUM 
INPUT VOLTAGE ±600volts d.c. or 600volts peak-to-

peak a.c .. derated at frequencies 
above 15 MHz in X1 0 posi tion and 
above 600 kHz in X1 position. 

CABLE LENGTH 3 ft 6 in. 

TM 81 10/ 1 Switchable Attenuator Probe 
(Extra long cable version) 
for 1 Mn, 30 pF Oscilloscope Input Impedance 

This is a special version of the TM 811 0 probe for which the cable 
length has been increased to 9 feet. It is electrical ly similar to the 
standard version except for a sl ight increase in shunt capacitance and 
rise time. 

~ .· ~~~~~-·~ ; 

,. 
' 

These probes are no bigger or heavier than any others. 
but they can be twice as usefu l because each of them is 
vi rtua lly two probes in one. 

By twisting i ts nose through 60° the probe's action can 
be changed from that of a 10 M n 10 :1 divider to that of a 
straight-through probe with neg ligible attenuation. The 
swi tch positions are designated X10 and X1 respectively. 

In order to make the pro be truly aperiodic. it is important 
that its time constant should be made equal to that of the 
oscilloscope input circuit. The TM 8110 is intended for use 
with oscilloscopes with input impedance of 1 Mn in 
parallel with 30 pF, and the TM 8561 is for those with input 
impedance of 1 MD in parallel with 15 pF. But. by rotating 
the barrel of the handle. the probe time constant can be 
matched to 1 M .n oscil loscopes having input capacitances 
other than the optimum values shown above. The range of 
the capacitive compensation for each probe is given in the 
spec.ification. 

TM 8561 

ATTENUATION RATIO Switchable 1 :1 or 10 :1. 

INPUT IMPEDANCE When used with a 1 M0. 15 pF 
oscilloscope: 
Xl position: R= 1 M!l. 

C typically= 
85 pF. 

Xl 0 position: R= 10 MO. 
C typically= 

10·5pF. 
RISE TIME 

X10 position only Approximately 3 nsec. 

CAPACITIVE Adjustment to probe al lows 
COMPENSATION use with oscilloscopes of 8 to 

30 pF input capacitance. Best 
pulse response with 15 pF 
oscilloscopes. 

MAXIMUM In ~1 position. ± 160 volts 
INPUT VOLTAGE d.c. or 160 volts peak- to-

peak a.c .. derated above 
5 MHz. 
In X1 0 position. ±600 volts 
d.c. or 600 vol ts peak-to-
peak a.c. 

CABLE LENGTH 3 ft6 in. 

TM 8110/ 1 

INPUT CAPACITANCE Xl position : less than 100 pF. 
X10 posi tion : 11 ·1 pF. 

RISE TIME Approx. 6 nsec in X1 0 position 
only. 

CABLE LENGTH 9 feet. 
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N o n- Switchable Probes 

0 TM 8119 
for 1 Mri, 30 pF oscilloscope input 

impedance 

0 TM 8563 
for 1 Mri, 15 pF oscilloscope input 

impedance 

TM 8119 

ATTENUATION. RATIO 100 :1 . 

INPUT IMPEDANCE R= 9·1 Mfl. 

RISE TIME 

CAPACITIVE 
COMPENSATION 

MAXIMUM 
INPUT VOLTAGE 

CABLE LENGTH 

C<3 pf. 

When used with a 1 MO, 30 pf 
osci lloscope. 

Approx. 7 nsec. 

Adjustment to the probe allows use 
with oscilloscopos of 1 2 to 60 pF 
input capacitance. Best pulse 
response with 30 pF oscilloscopes. 

1 ·5 kV d.c. or 4·25 kV peak-to-peak 
a.c .. derated at frequencies above 
4MHz. 

3 ft6 in. 

TM 8120 Straight-Through Probe 
for 1 Mn, Oscilloscope Input Impedance 

A direct -connecting probe for use w ith osci lloscopes having input 
resistance of 1 M.0 or above. the TM 8120 is o f similar construction to 
the attenuator probes. No equalisation is necessary for matching to 
the oscilloscope input circuit time constant; but the capacitance of 
the probe adds to the input capacitance of the oscilloscope. 
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The 100 :1 probes are intended for high voltage measure
ments or measurements w here very low shunt capacitance 
loading is essential. These two probes are basical ly similar 
to the 10 :1 probes. without the facility for switching to the 
1 :1 ratio. but including the provision for matching to the 
time constant of the oscilloscope by rotating the barrel of 
the handle. 

TM 8563 

ATTENUATION RATIO 100 :1. 

INPUT IMPEDANCE R=9·1 MO. 

RISE TIME 

CAPACITIVE 
COMPENSATION 

MAXIMUM 
INPUT VOLTAGE 

CABLE LENGTH 

ATTENUATION RATIO 
INPUT CONDITIONS 

MAXIMUM 
INPUT VOLTAGE 

C<2·5 pf. 

When used with a 1 MO. 
30 pf oscilloscope. 

Less than 3 nsec. 

Adjustment to the probe 
allows use w ith oscilloscopes 
of 8 to 30 pf input 
capacitance. Best pulse 
response w ith 16 pf 
osci l loscopes. 

1·5 kVd.c. or4·25 kVpeak
to-peak a.c .. derated at 
frequencies above 10 MHz. 

3 ft 6 in. 

TM 8120 

1 :1 
Has series resistance of 
approximately 400 n with 
distribuied shunt capacitance 
of approximately 35 pf. 
:!::600volts d.c. or 600volts 
peak-to-peak a.c .. derated 
above 2 MHz. 



Component Parts 

Clip Tip TM 8189 
(Supplied as standard w ith each probe.) 

Facilitates easy connection to wires and soldering tags. The cl ip is 
opened by drawing its moulded casing back along the body of the 
probe. 

PROBE ACC ESSORY KITTM 81 88 
(Supplied as standard with each probe.) 

Pin Tip TM 8193 -Pin fi ts into 50.Q type Nor 
B.N.C. socket. 

Flexible Pin Tip TM 9144 -Flexible pin prevents 
damage to the socket if 
the probe is knocked. 

Prod Tip TB 3·9092 - End of prod is cupped to 
take soldered joint. 

Hook Tip TB 39083 

Banana Plug Tip TB 43843 -For use w i th 4 mm 
sockets. 

Probe support Clip TB 44005- Fi ts into a standard 4mm 
socket 10 form a parking 
support for the probe. 

Actual Size 

The Cable 
The real secret of the high performance of the probes l ies 

in the design of the connecting cable. 
The kinky resist ive inner conductor is bonded to the w all s 

of the inner sheath at the poin ts where 'it touches to avo id 
microphony and to prevent vari ations in cable capacitance. 
It is. of course important that this capacitance should be 
kept as low as possible ; so the inner conductor is well 
separated from the screening braid and is made of very thin 
w ire - about 0·002 in diameter. 

Nevertheless. there is nothing fragile aboutthe cable - or. 
indeed any other part of the probes. If you pul l it hard the 
cable wil l stretch to the limit of its elasticity. but the inner 
conductor wi ll not break; and the grey si licone-rubber 
outer cover is not on ly extremely flexible but very tough 
indeed. It is resistant to al l sorts of mishandling. includ ing 
accidental contact with hot soldering irons. 

The Oscilloscope Connection 
All Marconi passive probes are fitted with 8.N.C. plugs 

for connection to the oscilloscope. but adapters are 
available for use w ith oscilloscopes having U.H.F. 83 type 
input socket s. 

Earth Leads 
TM 8191 12 inch 
TM8191/1 6inch 
TM 8191 /2 3 inch 

Earthing Bayonet TM 8194 
(Optional accessory supplied if specially ordered.) 

Used in conjunc tion with the prod or hook tip. Provides short-path 
earth connection. 
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TM 8098 Graticule Projector 

O Completely eliminates paral lax error 

[] Accurate measurements without "sighting" 

:=J Range of standard graticules 

:_j Special graticules easi ly made 

Parallax is one of th_e main sources of viewing·error when 
conventional graticule arrangements are used. A normal 
transparent graticu le may be spaced as much as i" in front 
of the trace. so that error is avoided only w·hen the line of 
sight is at right angles to the screen. 

The Marconi Graticule Projector utilises a partially re
flecting (transparent) mirror to produce an image of the 
graticule in the same plane as the trace. The illuminated 
graticule is at right angles to the face of the cathode-ray 
tube. and the partially reflecting mirror is set at 45° to the 
tube face in such a position that the distance from the 
mirror to the graticule is equal to the distance from the 
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mirror to the tube face. To compensate for small dimen
sional variations. an adjusting screw is provided to 
facilitate precise alignment for zero parallax. 

Marconi Instruments oscilloscopes provide the illumi
nation power via a miniature jack socket on the front panel. 
Insertion of the plug automatically disconnects the supply 
from the tube-face graticule lamps. The normal graticule 
illumination control remains operative. however. when the 
graticule projector is in use. so that the brilliance may be 
adjusted to suit the intensity of the trace. A red fi lter can 
be inserted, if desired, for additional clarity. 



Graticule Masks 
The standard graticules available are listed below. 

Special graticules can easi ly be made by the user to suit 
particular purposes - they can be drawn on llford 'Scribe
coat' for direct insertion into the projector; or photo 
negatives can be made from ordinary ink drawings. A 
sample waveform can be projected by simply inserting a 

General Purpose Masks 
One set of graticule masks is supplied with each projector 

as follows: 

0 

102 

90l 

1001. 

TB 43595 Three Line (5 x 10 cm) 

TB 43535 Centimetre Grid (5 x 10 cm) 

TB 43536 Centimetre Grid (6 x 10 cm) (I llustrated) 

Scribecoat 

1001 

90l 

1oz 
0 

1002 

901 

101 

0 

Three blank Scribecoat masks are supplied with each 
Graticule Projector. 

Bezel Adapter Kits 
Graticu le Projector TM 8098 is designed to fit the rect

angular bezel of the current range of Marconi oscilloscopes. 

TM 8098 

positive transparency photograph of the correct waveform 
into the graticule holder. 

General purpose graticules are marked with easily dis
tinguishable l ines denoting the 100% and 90% dimensions 
for measurement of rise times. etc. With the waveform 
fitting exactly between the 100%. the 10% and 90% levels 
are clearly indicated. 

Special Purpose Masks 

TB 44808 Decibel Scale (5 x 10 cm) 

TB 44809 Decibel Scale (6 x 10 cm) (Illustrated) 

Logarithmic vertical scale for response measurements on 
. amplifiers. receivers. etc. Particularly useful when an 
oscilloscope is used as the indicator in a dynamic response 
measurement system. 

TB 43596 K-factor (5 x 10 cm) 

Special graticule for measurements on television systems 
where the osci lloscope is used in conjunction with a pulse 
and bar generator or a grey scale generator. 

Older oscil loscopes. having the 5r round bezel. can 
be converted to take the Graticule Projector by the use of 
Adaptor Kit TM 8729. 

Oscilloscopes with 5" round bezels of the four-stud 
fixing type. as used on the Tektronix ·500· series. can be 
converted to take the Graticule Projector by use of Adapter 
Kit TM 8513. 
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Oscillosc ope 

O D.C. to 100 MHz bandwidth 
D Dual trace, dual time bases 
O Very comprehensive sweep facilities 
D Suitable for computer servicing 

OSCILLOSCOPE TFl210 
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The TF 2210 is a w ide band measuring osci lloscope suitable for 
detailed observation of electrical waveforms and transients w ith 
rise times down to 3·5 nsec. Computer servicing presents some of 
the more exacting requirements that can be met by this instrument. 
the fast response, low dri ft. and comprehensive sweep facil ities 
being particularly pertinent to this application. 

Rel iabi li ty This oscilloscope has been designed for continuous 
use in ci rcumstances where development of any significant cal ibration 
errors could cause as much difficulty as total fa i lure. Careful auention 
has, therefore, been given to the aspect of reliabil ity. So lid- state 
active circuit elements are used throughout the instrument. w ith the 
exception of seven cathode fo llowers. These are Nuvistor valves. 
w hich are largely unsusceptible to microphony but afford adequate 
protection against acc idental input overload. Use of transistors for all 
other electronic actions eliminates effects caused by valve aging. so 
that the cal ibration remains constant over very long periods. 

Care has also been taken to protect the instrument from damage by 
accidental misuse. Its pow er supply. for example, contains two pro
t ective features - a w arning is given by flashing of the indicator lamp 
if the w rong mains supply voltage is used; and a short ci rcuit on any 
internal power line causes no damage as a protection circuit im
mediately shuts down the power supply completely. 

W ith such refinements included in i ts design the TF 2210 can 
safely be entrusted to the less skil led personnel or used under the 
rugged conditions · often imposed by routine maintenance 
appl ications. 

THE DISPLAY 

A rectangular-screen cathode-ray tube of advanced design is used. 
incorporating a distributed plate deflection system to reduce the 
effec t of transi t time w hen displaying high speed w aveforms. 

The d isplay area is 6 cm (vertical) by 10 cm (horizontal) . Parallax 
error is obviated by an internal graticule. w hich takes the form of a 
6 x 10 cm grid w ith the 10% and 90% vertical full -scale levels marked 
w ith a dotted l ine. Provision is also made for use of the Graticule 
Projector TM 8098 when a special graticule is required. 

Adequate brigh tness for full utilisa tion o f the instrument's perfor
mance is assured by the 13·5 kV p.d a. voltage: and. in addition to 
the normal Intensity and Focus controls. the display system of the 
TF 2210 has special provision for adjusting relative bril l iance of 
various portions of a multi -trace d isplay. Intensity modulation of the 
beam can be applied externally via a socket on t op of the instrument. 

VERTICAL DEFLECTION 

The whole o f the dual-trace vertical amplifier is contained in a 
plug-in unit. This has obvious advantages for servicing. and is a 
form o f construction that provides a capabil ity for possible future 
extension o f performance. 

The dual-trace unit comprises two identical input channels w ith 
provision for displaying two input waveforms in any one o f ·the 
follow ing ways: 
(a ) They can be displayed separately. the desired input channel being 

selected by means of a switch. 
(b) They can be d isplayed simultaneously uti lising the beam

swi tched dual-trace mode of opera tion. The beam switch can be 
set to display the two channel w aveforms on alternate sweeps. or 
it can chop from one channel to ·the o ther at a nominal swi tching 
rate of 1 MHz. 

(c) They can be added algebraicaHy and displayed as a single com
posite waveform. As t here are polarity reversing switches for both 
input channels this mode can be used to provide differential 
input faci lit ies. 

TF 2210 

Input Sensitivity The effective sensitiv ity of each Y channel is 
determined by the settings of its input attenuator and variable gain 
control. w hich g ives continuous cover between attenuator steps. 
These two controls are mounted coaxially for ease o f identification 
and economy of panel space. With the variable gain control set fully 
clockwise the nominal sensi tivity is indicated direcily in vol ts/cm by 
the attenuator setting. When t he variable gain control is rotated away 
from its fully clockwise setting an Uncal w arning lamp l ights up. 

In addition to the variable gain control. w hich does not affect the 
bandwidth of the Y amplifier. there is a X1 - X10 Gain switch for each 
channel. In the X1 position of this switch t he sensiti vity is that 
indicated by the attenuator setting and the Y bandwid th is d.c. to 
100 M Hz. W ith the switch in the Xl 0 posit ion the sensitivi ty is 
increased ten times, but the upper cut-off frequency is reduced to 
75 M Hz. A w arning lamp lights w hen the X10 position is selected. 

Calibrating Waveform By setting t he attenuator switch to its Cal 
position an amplitude-stabil ised 1 kHz squarewave may be displayed 
for standardising the Y ampli fier gain. An addi tional preset gain 
control for each channel is accessible from the front panel. With this 
control adjusted for a cal ibrating sq uarewave amplitude of 6 cm p- p 
the channel sensi tivity is w ithin 3% of nominal at all attenuator 
settings. 

The calibrating squarewave is also avai lable at the front panel so 
that the overall gain may be standardised when an active probe or 
current probe is in use: The outlet takes the form of a bare metal bar, 
carrying a 6 rnA p-p squarewave current for use w ith current probes, 
at 3 volts p-p squarewave potential w ith respect to chassis. 

Cascading Channels The output from the Channel 7 preamplifier 
is brought to a front panel socket w hich can be l in ked to the Channel 
2 input socket. thus connecting the two preampli fi ers in cascade. 
With the gain of each channel sw itched to X 70, the oscilloscope can 
then function as a single channel instrument with an overall sensi tivi ty 
o f 500 µV / cm. 
. The bandwidth in th is condition is nominally 15 M Hz; but, in order 

to restrict the noise. it is possible to reduce the upper cut-off fre 
quency to 1 MHz by opera tion of an internal sw itch. Access to this 
sw itch is obtained by withdraw ing the dual trace unit from the 
oscilloscope. 
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Vertical Shift A separate shift control for each channel enables 
the display to be moved vertically through at least 16 cm. The shift 
voltage is injected at a late stage in the amplifier in order to avoid 
interaction between the vertical position of the trace and the 
triggering voltage. 

An auxiliary preset D.C. Offset control is also provided. This 
control adjusts the level of a d.c. shift voltage applied to the amplifier 
input. and enables the operator to compensate for a d.c. component 
of up to 0 ·1 5 volts in the input waveform that would possib)y bias 
the displayed waveform off the viewing screen when the XTO Gain 
position is selected. This control gives 30 cm of. shift at XTO Gain. 

HORIZONTAL DEFLECTION 
The comprehensive sweep facil ities of the TF 2210 are obtained 

by the use of two identical time base generators. built into separate 
plug-in sweep units designated A Sweep and 8 Sweep. For normal 
operation the horizontal deflection waveform is derived from the 
8 Sweep unit. which. in addition to its time base generator and 
associated trigger system. contains the horizontal amplifier with the 
X shift and gain controls. Although horizontal deflection can also be 
obtained over the same range of sweep speeds from the A Sweep 
unit, this unit functions as the delay generator when the oscilloscope 
is used in one of i ts delayed sweep modes. It therefore carries the 
sweep mode selector controls and, o f course. a calibrated variable 
delay control. 

A SWEEP Voria bl• 
Time/cm 

B SWEEP v ariahl• 
Time/cm 

XI 

- Trigger 

oc AC 

Slope 

+ 

Linc Ext 

~ TM9l21 

••""'..X .... 

... 8 
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Sweep and Trigger The sweep ve1ocity of each time base is 
control led by means of a 23-position selector switch in conjunction 
with a coaxially mounted continuously variable control. With the 
~ar!able control set fully clockwise. the selector switch setting 
indicates the sweep velocity directly in time/cm. When the variable 
control is turned back from its "calibrated" setting an Uncal warning 
lamp lights up. 

The horizontal amplifier provides switch selected magnifications 
of X1. X5 and X10, so that. by using the magnifier in conjunction 
with the velocity selector swi tch, the total range of calibrated sweep 
speeds extends from 0·1 sec/cm to 5 nsec/cm. By use of the variable 
gain contro l the uncalibrated range can be further extended to 
obtain slow sweep speeds of 2·5 sec/cm. 

Both time base generators can be triggered internally or external ly. 
The design of the trigger system achieves maximum trigger stabi lity 
with extreme simplicity of operation. 
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Normal a.c. or d.c. coupled triggering with slope and level selection 
can be used at all frequencies up to 40 MHz. For general purpose 
operation where the trigger point is unimportant and for display 
of r.f. waveforms up to 100 MHz the auto-triggering facility may be 
used. At low and medium frequencies the system is indeed fully 
automatic. requiring no adjustment whatsoever to obtain a stable 
display. At high frequencies some adjustment of the trigger level 
control may be necessary to obtain perfect synchronisation. With 
the oscilloscope set for auto-triggering a visible trace is present at 
all settings of the level control whether or not a signal is applied. 

Sweep Functions The waveform under observation can be dis
played using either the A or B time base. or the two time base 
generators can be used together in a number of different ways. The 
mode of operation is determined by the settings of three lever 
switches on the A Sweep unit panel. 

Probably the most common delayed sweep requirement is that of 
examining in detail some part of a waveform which is remote from a 
convenient triggering transient. Any part of a waveform displayed on 
the A sweep can be displayed in expanded form. using a higher sweep 
speed. on the B sw eep by means of the delay facility. 

Variable Delay When the Delay switch is set to Var the 8 Sweep 
generator is triggered from the A sawtooth, the actual trigger point 
being selected by the continuously variable cm Delay control. 

With the Display switch at A +8 the waveform is displayed on the 
A time base. and a bright patch on the trace indicates the duration of 
the 8 sawtooth. The relative bril liance of the bright patch and the 
rest of the trace Caf! be adjusted by use of the outer ring on the 
Intensity control. 

Setting the Display switch to 8 applies the B sawtooth to the 
horizontal deflection circuit. so that the part of the waveform which 
was i.n the bright patch is expanded to fill the whole trace. 



When the switch is set to Ale the trace is derived from the A and 
the B time bases on alternate sw eeps. In single channel operation 
two traces then <Jppear on the screen. one showing the complete 
waveform with the bright patch (A+B) and the other showing the 
brightened portion expanded to fill the whole trace. Separation 
between the two traces is adjustable over the full 6 cm. 

Triggered Delay When the delay time is long compared w ith the 
du ration of the B sweep. difficulty is sometimes experienced due to 
jitter caused by slight variations in the observed waveform or slight 
trigger instabil ity. Very often the portion of the w aveform to be 
examined in detail contains a suitable triggering transient; and. if so. 
jitter can be eliminated altogether by setting the Delay switch to Trig. 

With the switch in this position the A sawtooth does not trigger 
the B time base directly. but operates a gating circuit to connect the 
observed waveform to the B trigger input. The B time base is thus 
started by the first suitable transient occurring after the selected 
delay time. the exact trigger point being determined by the setting 
of the B trigger controls. 

As the cm Delay· control is rotated the bright patch on the A+ 8 
display does not move continuously across the trace but jumps from 
one trigger transient to the next. 

This facil ity is particularly useful for examining individual pulses 
in a computer logic signal or for line-by-line examination of a 
television field waveform. 
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Dual Trigger The delay system can also be used as a means of 
providing a double image display of a waveform with variable 
overlap. a facility which is extremely useful for assessing the flatness 
of a rectangular pulse top. 

With the Sweep switch set to Dual and the other sweep function 
switches set for variable delay. the initial trigger pulse starts both 
the A and the B time bases. After a delay. determined by the setting 
of the cm Delay control. the B time base is triggered again to produce 
the second image. By adjustment of the cm Delay control this 
second image can be so positioned on the trace that the amplitudes 
of any two parts of the waveform can easily be compared. 

Oispl•y O•l•y SWMp 
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Single Sweep Operation By setting the Sweep switch 10 the 
Single position. the condition is produced where the triggering 
system responds to the first triggering transient to occur after the 
Reset button is pressed. but ignores any subsequent ones. 

The single sweep mode can be used with either form of delayed 
sweep to produce an A+B or a B display for photographic purposes. 

Time Measurement With the Variable sweep speed control in its 
Cal position. time measurements can be made directly from the 
cathode-ray tube's internal calibrated graticule. For greater discrimin
ation the w aveform may be displayed with the oscilloscope set for 
A+ B display w ith variable delay. and the bright patch used as a time 
marker. The cm Delay control. read in conjunction with the Time/ cm 
setting gives an accurate indication of time interval. 
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CATHODE RAY TUBE 

Display area 
Trace locate 

Vertical plate sensitivity 
Horizontal plate sensitivity 

Z modulation 

CALIBRATION UNIT 

Square wave 

Switched current 

VERTICAL AMPLIFIER 
3 dB bandwidth 

O.C. coupled input 

A.C. coupled input 

Pulse response 

Sensitivity ranges 

Accuracy 

Variable gain control 

Window 

Input impedance 
Maximum voltage 

Apparent signal delay 
Power socket 

Vertical position range 

D.C. offset 

Polarity inversion 

Vertical display modes 
Alternate 

Channel 1 
Add 

Channell 
Chop 

Trigger selection for time base 

Common mode breakthrough 

Socket -to-socket breakthrough 
Gate breakthrough 

Vertical linearity 

Philips Dl 3 450GH/ 03 w ith P31 phosphor 
and internal graticule. 
6 cm x lO cm. 
The Trace Finder button brings the 
trace into the window for all pos111ons of the 
shift controls and causes the umc base to 
free-run. 
Nom1n~lly 3 vol ts/ cm. 
Nominally 11 volts/cm. 
Requires posnive-going current pulses of 
5 mA p-p into 50 Oto increase trace 
b11ghtness. 
Bal'dw1dth from d.c.10 10 M H1. 

Available at front panel loop marked 
Ca/lbreror. 
3 volts p-p ± 1%at1 ~Hz from a source 
impedance of less than 500 0. 
6mAp-p:1%at 1kHz. 

x 1 (50 mV /cm) d.c. to 100 MHz. 
x 10 (5 mV/cm) d.c.to 75 MHz. 
x I (50 mV/cm) 4 Hz to 100 MHz. 
x 10 (5 mV/cm) 4 Hz to 75 MHz. 
L F. responseextend~d 100·4 Hz when 
used with TM 8561probeswnched tux10 
With the switched gain control at x 1. the 
rise ume 1s be11er than 3·5 nsec. 101 an 
overshoot o l not greater than 5% for any 
pos111on of the Variable Volts / cm. Polarity 
and Vorricol Position comrols. 
With tho switched gain control aix 10. thu 
m;e trme 1s bettor than 4·7 nscc. for an 
overshoo t o f no t grea ter than 5% for any 
position o f the Vnriable Volts/cm. Polarity 
and Vortical Position con tro ls. 
Eleven switched ranges in 1-2-5 sequence 
from 50 mV / cm to 100 volts/ cm. A twelfth 
pos1t1on (Cal) on the attenuator switch 
permits gain standardisation by screwdriver 
ad1ustment ol a preset control. 
x 10magn1fler giving a sens1t1v11yof 
5 mV/cm to lOV/cm. 

x 1 position =3%. ) using internal calibrator. 
x IOpos111on ±3% 
x 10ga111 :J:3% internally set. 
Cover: oroa tor than 2·5: 1. 
Indicator lamps show when tho unit is 
being operated in uncalibrated and x1 O 
gain cond1uons. 
:J: 30 cm at all sens11ivitrcs. (In calibrated 
pos1t1ons at low frequencies. ) 
1 MO. w ith 17 pF in shunt. at all sensitiv111es. 
500 volts combined d.c. and a.c. peak. 
Greater than 40 ns. 
Provides for connection 10 a FET probe. 
(1.e. Tektronix P6045). 
Uncalibrated control enables the display 
to bo moved through at leas t 16·0 cm. 
±0·15 volts ot all sensiiivities. (Scrcwclriver 
adjustment.) 
Sigria ls on channel 1 and channel 2 may 
bo inve1ted 1ndependemly. 

D1 solav alterna tes between channel 1 and 
channel 2 
Channel I orly. 
A19obra1c sum of channel 1 and channel 2 
(1 e = channel l = channel 2). 
Channel 2 only. 
Chop repet111on rate approximately l MHz. 
Channel 1 only. 
Mixed. 
Channol 2 on ly. 
Suppression belier than 40 dB at 1 MHz 

Suppression bettor than 70dB a1100 MHz. 
Suppression betterthan 35 dB at 100 MHz. 
Less than 0·5 mm compression or expansion 
of a 2 cm signal when positioned to 1he 
vertrr.al extremes or 1he display area. 

Time difference between 
channels 

Channel 1 output 

3 dB bandwidth 

Output impedance 
Gain 

Channel 1 and channel 2 in 
cascade 

Sensitivity 
Bandwidth 

Noise 

HORIZONTAL AMPLIFIER 
Magnifier 

External horizontal magnifier 

Bandwidth 
Accuracy 

Inpu t impedance 

Maximum Input voltage 
Horizon tal positioning controls 

SWEEP GENERATORS 

Sweep rate 

Variable sweep rate 

Overall accuracy 
Trace length 

Trigger modes 

Trigger source 

Ex1ernal triggef 
Sens11iv11y 

Input impedance 
Maximum input voltage 

T flgger level 

Sweep output 
Ampli tude 

Output resistance 
Gato output 

Amplitude 
Output resistance 

SWEEP DELAY 
Sweep display modes 

Normal 
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Less than 0 ·5 nsoc. 

Switched internally (normally used in Na11ow 
position). 
Wide band: D.C. coupled; d.c. to 15 MHz. 

A.C.coupled: 4 Hz to 15 MHz. 
Narrowband· O.C. coupled; d.c.10 1 MHz 

A.C. coupled: 4 Hz to 1 MHz 

Nominally 500. 
x 1 or x 10 according to the 
position ol tho magnrher. 

Maximum sons111vny SOO µV/cm (nominal). 
Swnched internally (normally in Narrow 
position). 
Wide band D.C. coupled: d.c. 10 15 MHz. 

AC coupled: 4 Hz to 15 M Hz. 
Narrowband. D.C.coupled;d.c.tol MHz 

/\ C. coupled; 4 Hz to 1 MHz 
Less than 3· 5 mm at rnax1mum sensitivity 
(500 1N/cm: mrn1mum bandwidth). 

Three swnched rangos. x 1. x 5 and x 10. 
extendrng the fastest sweep range to 
5 nscc/cm. 
Three switched ranges x 1. x 5 and x 10. 
g1v1ng a sens111vny of 1 volt/cm. O· 2 volts/ cm 
and 0 1 volt/cm. 
From d.c. to 5 MHz (typically) . 

±3%. 
Approximately I 0 kO shunted by 
approximately 60 pF. 
40 volts combined d.c. and a.c. peak. 
Coarse: typ ically ±9 cm o f control. 
Fine: typically ±0·9 cm of control. 

Two 1den11cal sawtoothgeneraiOrS. 
A (delaying tr mo base) and 8 (normal or 
delayed time base). 
Twenty-three switched ranges in 1 :2:5 
sequence covering tho range 50 nsec/cm 
to 1 sec/cm. 
Uncalibrated control gives a velocity 
reduction of no1 loss than 2·5:1 . The 
indicator l ight shows when the time base is 
being operoto<1 1n on uncalibrated condition. 
±3%. 
Nominally 7 to 1 3 cm. set by panel preset. 
Auto: 50HztolOMHzfroma4mm 

display. degrading to 1 cm at 
100 MHz. 

D.C. coupled d c. to 10 M Hz from a 3 mm 
display. degrading to i cm a1 
40MHz. 

AC.coupled 20 Hz to 10 MHz from a 3 mm 
display. degrading to 1 cm at 
40 M Hz. 

Internal: 
External: 
Line: 

posmve or negative. 
positivo or negative. 
posi1ivo or negative. 

Better than 75 mV at 100 kHz. 
1 MO shun ted by 25 pF. 
500volts. 
Internal wrndow greater than 12 cm. 
External w indow greater than 3 volts. 
Positive-going wtth respect to eartri. 
~volts P-Pnom1nal (for a 10cm uace). 
Less than 500 0 . 
Positive with respect to earth. 
4·5 volts p-p nominal. 
Less than 250 0. 

Three switch es. each with three positions. 
give the fo llowing sweep display 
combinations ; 
(A)+(B): (A) sweep is triggered by the 
signal. {+B) 1s only operative on delay positions 
(B) only:(B)sweep is triggered by the sig~al. 
All:( A) and (8) sweeps alternately displayed. 



Variable delay 

Triggered delay 

Sweep delay 

Sweep delay accuracy 
Sweep delay jiner 

DUAL TRIGGERING 
Variable delay 

(A) + (B):The delaying sweep. (A). is 
triggered by the signal and. after an 
adjustable delay. triggers sweep 
(8). The brightened portion of the sweep 
indicates the pos1uon and duration of the 
delayed sweep (the pos111on being 
adjustable to the left or right by the delay 
ume muh•pher). 
( B) delayed This expands the brightened 
pot11on of the sweep (as displayed in the 
(A)+(8) mode of operation) to the full 
w idth of tho c.r.I. 
Alt: (A)+{BJ and (BJ delayed modes 
displayed ahernately. 
(A)+{B): Tho delaying sweep (A) is 
triggered by the signal and. after an 
adjustable delay. opens a gate which 
allows sweep (8) to be triggered. 
The brightened portion ol the sweep 
indica tes tho posi tion and duration oi the 
(BJ sw~ep. The ga te is closed after one 
(BJ sweep excursion. 
(BJ delayed: This expands the brightened 
por11on of the sweep (as displayed in the 
(Aj+(B) mode of operation). to the full 
width ot tho c.r.t. 
Alt : (A}+(B) and (BJ delayed modes 
displayed alternaltely. 
0·05 µ5 to 10 soc continuously variable 
with the cm Delay control. 
± 2% ( + 100 nsec fixed delay). 
Better than 1 part 1n 20 000 of maximum 
delay. 

(A) + (B):The delaying sweep (A) is 
triggered by the signal. Sweep (BJ is 
triggered twice. first undelayed and 
coincident wi1t1 the start of the (A) sweep. 
and second after an adjustable delay. 
The brightened portions o f the sweep 
indicate the position and duration of the 
(8) sweeps (the pos111on of the delayed (8) 
sweep being ad1ustable by the delay time 
mult1pher) . 
(BJ delayed This expands both of the 
brightened portions of the sweep (as 
drsplaved in the (A)+(BJ mode of operauon) 
to the full width of the c.r.t. Hence signals 
on the (BJ sweep may be superimposed. 
Alt: (A) +{B) and (8) delal'ed modes 
displayed altern ately. 

Triggered delay 

Single sw eep 

POWER REQUIREMENTS 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Supplied 

Optional TM 8098 

TM 7424M 

TM 8550M 

TF 2210 

(A)+(B): Tho delaying sw eep (A) is 
triggered by the signal. Sweep (8) is 
t11ggered twice. fust undolayed and 
coincident with the start of the (A) sw eep, 
and secondly after an adjustable delay opens 
a gate which allows the delayed sweep (B) 
to be triggered. The b11ghtened portions 
oi the sweep 1nd1cate the pos111on and 
durationol the (8) sweeps (the position of 
the delayed (8) sweep being ad1ustable 
by the delay ume multiplier). 
( 8 ) delayed: This expands both of the 
b11ghtened port ions of the sweep (as 
displayed in the (A)+(B) mode of 
operation) to the lull w id th ol the c.r.1. 
Hence signals on the (8) sweep may be 
superimposed. 
Alt: (A)+(B) and (BJ delayed modes 
displayed ahernately. 
A three-position sw11ch having Normal. 
Dual Trigger. and Smglo Swoep posiuons. 
permits sing le shol operauon on all sweep 
display modes except Alrcrnete. 

200 to 250 volts or 100 to 130 volts a.c. 
45 Hz to 500 Hz. 180 VA. 
All regulated lines are ove1load protected. 

Height Width Oepth Weigh t 
13in 9in 21·5 1n 49·51b 
(325 mm) (225 mm) (538 mm) (22·5 kg) 

Green Filter 837533-710 and Rubber Mask 
Part No. 37186-105. 

Two 2 mm 13 ellinii Lee (black) plugs 
Part No. 23431-057. 
Two 2 mm Belling l oo ( red) plugs 
Part.No . 23421-056. 

Graticule Projector 

Oscilloscope Trolley 

M ini-trolley 

TM 7g91 Pola1izing Filter 
Extension cables for servicing p)ug -in units 

TD 43245 V1ew1ng Hood. 

PROBES The following probes are suitable for use with this oscilloscope: 

TM 8563M Passive probe x 1 00 

TM 8561 Passive probe x 1. x 10 (70 MHz bandwidth). 

Tektronix Passive probe x 10. P6047. 
Tekttonix FET probo. P6045. 

PLUG-IN UNITS Oual Trace Unit TM 9222 and 'A' Swoop Unit TM 9220 are 
manufactured separately. When ordering the complete equipment. therefore. 
these items should be hsted together with Oscilloscope TF 2210 and any 
optional accessories required. 
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Oscilloscope TF 2203 is intended to meet the increasing 
demand for an accurate. portable. but inexpensive oscillo
scope. An ergonomically designed front panel presents a 
neat appearance. coupled with the minimum number of 
operations to produce a steady display. Transistors have 
been used to achieve high performance. low power con
sumption. and long term reliability. Compactness and easy 
servicing is made possible by the use of printed boards. 
thereby reducing maintenance costs. 

The vertical amplifier is d.c. coupled. with a 3 dB band
width extending to 20 MHz. Voltage measurement. to an 
accuracy better than 5%. is carried out using a removable 
perspex graticule. ruled in centimetre squares. The input 
circuit of the amplifier has an impedance of 1 MO in 
parallel with 28 pF. Constant input capacitance is main
tained on each of the attenuator ranges. a useful feature 
when using the instrument in conjunction with a frequency 
compensated. high impedance probe. To avoid damage 
when a large unattenuated voltage is inadvertently applied. 
a cathode-follower valve is used to couple the signal to the 
input transistors. Adequate overscan of the screen without 
distortion is possible. and a sh ift of at least 15 cm is 
available. 

The internal horizontal sweep generator has 18 preset 
cal ibrated sweep speeds. from 100 msec/cm to 200 
nsec/cm. By using the X5 sweep expansion the range can 
be extended to 40 nsec/cm. Measurement of time is made 
using the ruled graticule. giving an accuracy better than 
5%. The horizontal amplifier is d.c. coupled with a 3 dB 
bandwidth of 4 MHz at a sensitivity of 1 ·5 V/cm. In the X5 
position a sensitivity of 300 mV /cm can be real ised with 
a reduced bandwidth. 

The sweep generator may be triggered with a pulse 
obtained from an external source or derived .i nternally from 
the waveform being examined·. Provision is made for level 
control to allow triggering at any selected level on positive 
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or negative going transients. The simplest mode of 
operation is w ith the sweep generator free running, made 
possible by setting the AC/AUTO switch to AUTO. In this 
mode the repetition rate of the sweep generator is varied 
in three steps, dependjng on the sweep range selected. 
Sensitivity is O· 2 cm on internal and O· 2 volts on external. 
and stable triggering is obtainable from 5 Hz to 20 MHz. 
If the amplitude of a large external signal is beyond the 
range of the level control. a 20:1 attenuator may be 
switched into circuit. 

A voltage calibrator is included which produces a square 
wave at approximately 7 kHz with a rise time of less than 
1 µsec. 8 swi tched levels are provided. with the facility for 
the highest level of 40 volts to be accurately set by 
reference to an external d.c. voltmeter. 

High resolution. flat screen. with display area of 5 cm x 6 cm 
are the features of the 3 inch catho.de ray tube. Facilities 
are also provided for an external input to modulate the 
brilliance of the display. 

All d.c. circuit voltages are obtained from a stabilised d.c. 
to d.c. converter. The oscilloscope therefore · requires a 
1 2 volts d.c. primary supply. which is produced by either 
a battery or from the mains by rectification. Overall power 
consumption is low being 25 v..:atts a.c. or 20 w atts d.c. 

Provision is made for operation directly from the a.c. mains 
supply or from an external battery; and there is also a 
housing for an internal battery, with the charger built into 
the instrument. Suitable batteries for internal or external 
use are available as optional accessories. 

The instrument is soundly constructed yet light in weight. 
Use is made of plastic covered aluminium for the case, 
w ith a silk screen printed front panel. 
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Y-AMPLIFIER 
Bandwidth 

Rise time 
Overshoot 
Sensitivity 

INPUT SELECTION 

Input impedance 
Connectors 

AMPLITUDE 
CONTROLS 

Fine gain 

Attenuator 

M aximum input 

M EASUREMENT 
AND SHIFT 
Voltage measurement 

Accuracy 
Y -shift range 

INTERNAL TIME 
BASE 

Sweep speeds 
(unexpanded) 

Sw eep expansion 

Linearity 
Sweep mode 

MEASUREMENT 
A ND SHIFT 

Measurement 
Accuracy 

X-shift range 

TRIGGER FACILITI ES 
Sources" 

Modes 

Bandwidth 
Sensitivity 

Input impedance 

Vertical Deflection System 

D.C. to 20 MHz (-3dB)atcal 
23 nsec. 
Less than 1%. 
50 mV/cm. 
Maximum usable input: a signal 
producing a dellection of ± 7 ·5 cm 
peak. when the fine gain contro l is 
set to maximum. can be displayed 
without distortion. 

An a.c./d.c. coupling slider switch 
is included. The a.c. response is 
- 3 db at 3 Hz. 

1 MO in parallel w ith 28 pF. 
U.H.F. 83. 

3:1 in combination with the 
attenuator enables sensitivity to be 
continuously adjusted over the 
range 50 mV/cm to 60 V/cm. 
A 9 position switch gives calibrated 
sensitivities of 60 mV!cm to 
20 V /cm in a 1-2-5-10 sequence. 
500 volts d.c. or d.c. +a.c. peak. 

Better than ± 5%. 
At least 15 cm. 

Horizontal Deflection System 

An 18-position swi tch gives 
calibrated speeds from 200 
nsec/cm to 100 msec/cm in 
1- 2- 5-1 0 sequence. 
Continuously var iable up to X5. 
calibrated at X1 and X5. 
±2%. 

Triggered. with variable hold-off 
time for steady locking. 

Better than ±5%. 
At least 18 cm of shift available. 

External signal. internal signal. or 
external attenuated 20:1. positive 
or negative in each case. 
A.C.: (level control operative) . 
A utomatic: ( level control 
inoperative) . 
5 Hz to 20 MHz. 
Internal: 0 ·2 cm. 
External: 0 ·2 volts. 
1 MO in parallel w ith 25 pF 
approximately at Xl and 5pF at 
20:1. 

EXTE RNAL TIME 
BASE 
X Amplifier bandwidth 

Input sensitivity 
Input impedance 

VOLTAGE 
CALIBRATOR 

Frequency 
Rise time 

Levels 

Accuracy 

Z modulation 

CATH ODE RAY 
TUBE 

Type 

Display area 
E.H.T. 

POWER 
REQU IREMENTS 

AC mains 

External D.C. or 
internal battery 

DIMENSIONS 
AND WEIGHT 

FINISH 

A MBIENT 
TEMPERATURE 

ACCESSORIES 
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Supplied 

Optional TM 8110 
TM 8120 
TM 9714 

D.C. to 4 MHz (-3 dB) at Xl. 

1 ·5 V /cm approximately at Xl. 
2000 0 approximately. 

7 kHz approximately. 

Less than 1 µsec. 
200 and 400 mV. 1. 2. 4. 10. 20 
and 40 volts. 
The 40 volts level can be accurately 
set by reference to an external d.c. 
voltmeter. All other levels are 
related to it with a maximum error 
of ±2%. 

Additional Facilities 

Facilities are provided for an 
external input. 
Approximately 50 volts fully 
modulates the bri lliance of the 
display. 

(EMI) 3 inch diameter. high 
resolution flat screen. 
5 cm x 6 cm. 
3 kV approximately. 

110 vol ts a.c. nominal (97 volts to 
132 volts absolute). 50-60 Hz or 
220 volts a.c. nominal (195 volts 
to 265 volts absolute). 50-60 Hz 

12 volts d.c. nominal (11 volts to 
14 volts absolute). posi tive side 
earthed. Power consumption: 
25 watts a.c .. or 20 watts d.c. 

Fuses: 1 amp when operated on 
a.c. 3 amps when operated on 12 
volts d.c. 

Height W idth Depth Weight 
St in St in 13 in 15 lb 

21 ·6 cm 21 ·6 cm 35·6 cm 6·80 Kg 

Light and dark green and stove 
enamel with a silk screen printed 
front panel. 

-5°C to + 40°C (dry). 

Two U.H.F. plugs. type 83. 
One B.N.C. female/U.H.F. male 
adapter. 

Xl - Xl 0 Attenuator Probe. 
Low Capacitance Probe. 
Leather carrying case 
Internal Battery 



• • • • 

' 

187 



120 MHz Frequency Counter 

D Direct indication from 10 Hz to 120 MHz. 

D Plug in converters for frequencies up to 3.4 GHz. 

D Plug in amplifier for 1 mV sensitivity. 

D Positive or negative logic b.c.d. output. 

D Programmable version to special order. 

9 9 2 0 0 5 9 8 kHZ 

. . 

llOMH1 FREQUENCY COUNTER 

r1t1l k~ll ~C•~"l't '1_,.,.,.o-.• 

~-- .... . 
Gate fim• ----1 R•tel 

lffl 

,~_ ... .__.._ ... .. • - d 

J.d)\IH Ft•Q Std 

The TF 2410 is a wide-range digital frequency measuring instrument. 
With its Frequency Counc plug-in function unit it is capable of direct 
indication o f frequency from 10 Hz to 120 MHz: or the measurement 
range can be extended to 3·4 GHz by the use of plug-in heterodyne 
converter units. Two of these units are available-type TM 8334. 
covering 50 to 600 MHz. and type TM 8094. covering 402 MHz 
to 3·3 GHz (heterodyne reference frequency). 

The main body of the instrument contains the power uni1. the 
internal frequency standard with its associated divider units. the 
counting decades. and the display. It is necessary to insert a plug-in 
function module to operate the instrument. the action and specific
ation of each of the plug-in modules available being given later. 

The Display 
The display system comprises an eight-digit Nixie readout. w ith 
automatic indication of decimal point and units of measurement 
(kHz or MHz). An important feature is the display memory. which 
maintains the display while the count is in progress. A continuous 
coherent readout is provided. with only those digits that alter being 
affected by successive coun ts. Steadily dri fting frequencies can. 
therefore. be monitored at a high sampling rate without ambiguity. 
The memory can be switched on or o ff so that. if desired. the display 
can be made to fo llow the decades as the count proceeds. 

The display time is continuously variable. by. n;ieans of a vertical 
edge-wise con trol. from about 0 ·1 to 5 seconds. With the control in 
its fu lly 'down· position the display is held indefinitely until the 
Resec button is pressed. 

The Time Standard 
The gate times are derived internally from a 16 MHz oven controlled 
crystal oscillator. having a very short warm-up time. Ir reaches a 
frequency within 0·4 p.p.m. of its final value in less than 90 seconds 
from switching on. The output from this oscillator passes through a 
series of binary dividers to give a standard frequency of 1 MHz. 
which is available from a socket at the rear and is also applied to the 
time-base divider circuits. 

An external 1 MHz frequency standard can be used. if desired. 
instead of the internal one. the standard-frequency signal being 
applied via a BNC socket at the rear of the instrument. 

Gate Times 
Seven push-button switches select gate times from _10 sec down to 
1 0 µsec. the decimal point being positioned and the appropriate 
units of measurement shown automatically when the gate time is 
selec ted. The gate can be opened manually by pressing the Gate Open 
button. which remains in the depressed position until i t is pressed a 
second time to release it. When the switch is released the counter 
reverts immediately to normal automatic operation. 

Sensitivity 
The sensitivity of the counter is con trolled by the setting of a three 
position switch. markecl in nominal sensitivity and maximum input 
voltage. Providing adequate input is applied the level for reliable 
triggering is not critical, but. for convenience. an indicator lamp on 
the display panel glows when a su itable triggering level i s 
reached. 
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Printer Output 
A four-line b.c.d. 1-2-4-8 output for driving a printe~ or other 
peripheral equipment is available via a plug-in logic unit at the rear 
of the instrument. TF 2410 accepts either of two units. available as 
optional accessories. which deliver positive or negative logic output 
respectively. 

Frequency and Count to 120 MHz 

9 9 2 0 3 5 0 5 ·-

TF 2410 with plug-in Frequency Count Module TM 9411. 

With this plug-in module the TF 2410 can be used for direc t indicat ion 
of frequency up to 120 MHz or simple totalisation at speeds up to 
12 x 107 events per second. There is also a self test facility and. as 
an optional extra. provision for remote programming. These func
tions are selected by push button switches on the front panel of the 
plug-in module. 

Frequency Measurement 
Direct measurement of frequency between 10 Hz and 1 20 MHz can 
be made with gate times ranging from 1 0 µsec to 1 0 seconds -
push-button switch selected in decade steps. 

A INPUT 

AMPLIFIER 

ANO 

SHAPER 

DECADE 

1----- --i COUNTING 

UNITS 

GATE 

CONTROL 

11,_.E BASE SELECTOR 

CRYSTAL Tl,_.E BASE 

OSCILLATOR t--- --1 DIVIDERS 

With the Froq A push button depressed tho instrument measures the 
froQuoncy of a signal applied to Input A by coul"lting the number of cycles of 
the input ovor a selected time interval. The signal gate is opened and closed 
by the selocted output or the time base as controlled by the push-bulton 
Gote Timo switches. During the time that the gate is open, each cycle or the 
inpu t signal is counted by the decade counting units. 

Totalising 
With both the Count A button on the plug-in module and the Gate 
Open button on main panel depressed. the instrument indicates the 
total number of pulses fed into Input A. 

A INPUT 

AMl'l.IFIER 

ANO 

SHAPER 

JPaHI 

DECADE 
SIG 

t---- --IGATEl---- ---1 COUNTING 

UNITS 

GATE SWITCH 

OPEN 
0

AUIO 

The input is appl ied to the Input A connector. The decade counting units 
count the total number of cycl es that occur while the gato is open. When 
tho Gate Open buuon is released the selected time base comes into operation 
and. unless the Display Time control is set to infinity. reset 1s automatic. 

TF 2410 

Frequency Measurement on Low-Level Signals 

I 0 I 5 6 5 8 6 .• , 

TF 2410 with Video Amplifier Module TM 8517 

The Video Amplifier plug-in module increases the trigger sensitivity 
of the counter to facilitate reliable frequency measurement with 
s_ine wave inputs as low as 1 mV r.m.s. The effective gain of the 
amplifier is continuously variable. so that it can also be used to assist 
in the selection of a suitable trigger level when measuring the 
fundamental frequency of a signal having a significant noise content. 

In addition to increasing the counter's sensitivity, the Video 
A mplifier presents a high input impedance. so that frequency measure
ments can- be made with negligible loading of the source. This 
attribute may be further enhanced. when higher signal levels are 
available. by the use of an attenuator probe. a 10 : 1 and a 100 : 1 
probe being available as optional accessories. 

Frequency up to 600 MHz 

TF 2410 with plug-in Convener TM 8334 

Frequencies above 120 MHz are measured by applying to the counter 
the heterodyne beat - obtained in the Converter - between the 
appropriate harmonic of the internal 10 MHz frequency standard 
and the incoming unknown signal. This harmonic is selected by 
adjustment of a tuning control. the settings where the beat frequency 
is less than 10 MHz being indicated by means of a panel meter. The 
tuning control carries a dial which indicates the frequency of the 
selected harmonic: and the beat frequency is ind icated by the 
counter readout. So. providing the heterodyne converter is set to the 
harmonic immediately below the unknown frequency. the result of 
the measurement is obtained by adding the tuning dial reading to the 
counter indication. 

It is. of course. possible to select the harmonic immediately above 
the unknown frequency and still obtain a beat frequency below 
10 MHz. If this is done. the counter indication should be subtracted 
from the tuning dial reading. It is. however. a simple matter ro find 
the two adjacent dial settings and select the lower one. so that there 
is no real ambiguity. 

The function modes available with this arrangement are as 
follows : 
1. Direct measurement of frequency up to 120 MHz. 
2. Frequency measurement by heterodyne conversion up to 

610 M Hz.* 
3. Totalising. 
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* The upper frequency limit is. of course. the sum of the highest 
1 O MHz harmonic that can be selected and the maximum counter 
reading. Although the TF 2410 can respond to much higher 
frequencies. the maximum frequency that can be applied to the 
counting decades from the converter is limited by a low-pass filter 
having a cut-off frequency of about 11 MHz. This prevents 
possible confusion or ambiguity. but allows sufficient overlap for 
convenient measurement of frequencies close to a 1 0 MHz 
harmonic. 

B INPUTO-- -C---1 MIXER 
DECADE 

f-----1 COUNTING 
UNITS 

lMHz 
STANDARD 

fl'DIU A 

CRYSTAL 
OSCILLATOR 

GATE 
CONTROL 

TIME BASE 
SELECTOR 

With tho Converter's Funccion swi tch set to Converr 8 tho Instrument 
measures the frequency of a signal applied to lnpu1 B by counting the 
number of cycles of tho difference between the input and the appropriate 
harmonic of 10 MHz over a selected time interval. 
The signal gate is opened and closed by an outpu t of the time base selected 
by tho push-button Gate Time switches. During the time that the gate is 
open. the heterodyne difference frequency from the input signal and the 
selected 10 MHz harmonic is passed through the gate to the decade 
counting units. 

120 MHz Frequency Counter Type TF 2410 with plug-in 
Frequency Count Module TM 9411 

FREQUENCY RANGE 

ACCURACY 

10 Hz to 120 MHz 

:!: 1 count :!: stability. 

STABILITY Shon term ± 2 x 10-9 with a measurement time of 
1 second, with constant temperature and 
supply voltage. 

Varlltion with 
temperature :!: 1 x 1 o-e per •c over the range 

o·c to 5o•c. 
Variation w ith 

mains 1upply voltagll' :!: 6 x 10-9 for 10% change In voltage. 

Age rate 1 x 1 o-7 per month. after 30 days. 
The oscillator reaches a frequency 
within 4 x 10- 1 of its final va lue In less 
than 90 seconds from switch on. The 
oscillator frequency may bo adjusted 
by means of a variable capacitor. 

INPUT VOLTAGE RANGE Maximum sine wave input of 3 volts r.m.s .. 
30 volts r.m.s .. or 70 volts r.m.s., as 
selected by a front panel switch. 

INPUT SENSITIVITY 

INPUT IMPEDANCE 

STANDARD FREQUENCY 

TIME BASE 

DISPLAY 

Nominally 0·1 volts r.m.s .. 1 volt r.m.s .. or 
10 volts r.m.s .. as selected by front panel 
switch. Typically better thon 60 mV r.m.s. 
from 50 Hz to 110 M Hz. 

Voltage 
range 

3 volts 
30 volts 
70 volts 

Input Shunt 
resistance capacitance 

10 kCl ± 20% 15 pF 
100 kO :!: 20% 10 pF 

1 MO ± 20% 10 pF 

Internal 16 MHz oscillator or external 
from 1 MHz source. 

10 µ.sec to 10 seconds in decode steps. 

8 digit in line. w ith memory. 

Frequency up to 3·3 GHz 

5 2 3 4 3 2 Q 0 '"' 

With the 3·3 GHz Converter Module in position the TF 2410 can be 
used for direct measurement of frequency up to 120 MHz and 
measurement by the heterodyne method from 300 MHz to 3·3 GHz. 
Measurement of frequency between 120 MHz and 300 MHz 
cannot be made with this combination; and for continuous coverage 
it is also necessary to use the 50 - 600 MHz Converter. TM 8334. as 
an alternative plug-in. 

The tuning control of the TM 8094 Converter selects the appropriate 
harmonic of 100 MHz derived from the internal frequency standard 
of the counter. The general system of operation is otherwise similar 
to that of the 60 - 600 MHz Converter. 

The function modes available with this arrangement are : 
1. Direct measurement of frequency up to 120 MHz. 
2. Frequency measurement by the heterodyne conversion from 

300 M Hz to 3·404 GHz *. 
• The highest frequency that can be measured is determined by 

taking the sum of the highest 100 MHz harmonic (3·3 GHz) and 
the highest heterodyne frequency that can be passed to the decade 
counting units. In the TM 8094 the output frequency is limited to 
104 MHz (nominal) by the amplifier characteristics. giving 
adequate overlap for convenience when measuring frequencies 
close to a 100 MHz harmonic. 

DISPLAY TIME 

READOUT 

SINE WAVE 
INPUT MONITOR 

REAR PANEL 
FACILITIES 

Continuously variable from approxlmotoly 
0 ·1 to 6 seconds or held Indefinitely 
until manually reset. 

Directly in kHz or MHz depending on the 
gate ti mo selected. 

Lamp indicates when there is sutflclant 
input to trigger the counter correctly. 

B.C.D. output Provided by optional plug-in units. 
TM 9412 and TM 9413. 

. MHz atandard frequency 
output Square wave. 1 ·0 volt p-p minimum 

from a source impedance of 5000 approx. 
Available on BNC connector. 

MHz external 1tandard 
frequency Input Square wave or sine wave between 

2 volts and 15 volts p-p into 
approximately 6000. Connected to 
BNC socket. 

POWER REQUIREMENTS 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 
Supplied 

Optional 
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100 to 130 volts or 200 to 250 volts. 46 to 
600 Hz. 60 VA. 

Height Width Depth 
150 mm 420 mm 380 mm 

(6 f in) (161 in) (15 in) 

Waight 
11'4 kg 
approx. 
(26 lb) 

TM 9719. Extender Board. 16 way double 
sided for printed circuit boards that are 
accessible from the front of the instrument. 
Trimming tool for adjusting the crystal 
oscillator. 

TM 9412. Negative Logic Unit. Delivers 
negative logic b.c.d. output. 

TM 9,413. Low Level Positive Logic Unit. 
Delivers positive logic b.c.d. output. 

Extender boards for holding p.c. boards 
clear of Instrument for servicing. 
TM 9720. 24-way double sided. 
TM 9721 . right angled 16-way, 
TM 9722. right angled 24-way. 



PROGRAMMING INPUT An input socket for digital programming 
of the functions and gate time switches 
can be provided to special order. 

Plug-in B.C.D .. Output Units 
Negative Logic Unit TM 9412 

B.C.D. OUTPUTS 
Weighting 1-2-4-8. 

Logical · 0 ' 0 volts nominal. 
Logical • 1 ' - 4·5 volts minimum. 

Code line impedance 10 k!l approx. 

PRINT COMMAND 
Pulse O volts nominal to - 6 volts minimum: 

approx. 100 µ.sec wide. occurring at end 
of gate time. 

Output impedance 500 0 approx. 

INHIBIT Applied contact closure between two 
pins on printer connector. 

Low Level Positive Logic Unit TM 9413 

B.C.D. OUTPUTS 
·Weighting 1-2-4-8. 

Logical • O ' O volts nominal. 
Logical' 1 ' + 4·5 volts minimum. 

Code line impedance 3·9 kO approx. 

PRINT COMMAND Pulse 0 volts nominal to + 6 volts nominal: 
approx. 100 µsec w ide. occurring at end 
of gate time. 

Output impedance 500 0 approx. 

INHIBIT Applied contact closure between two 
pins on pri'nter connector. 

Plug -in Function Modules 

50 to 600 MHz Converter TM 8334 

FREQUENCY RANGE 50.5 MHz to 610.8 MHz 

INPUT SENSITIVITY 

Above 100 MHz Bener than 50 mV r.m.s. 

Below 100 MHz Bener than 100 mV r.m.s. 

"MAXIMUM INPUT 

INPUT IMPEDANCE 

LEVEL INDICATOR 

Typically the sensitivity that can 
be expected is about 25 mV r.m.s. 

2·0 volts r.m.s. 

50 n approxim;itely. 

Meter indicates tuning and 
minimum input signal level 
required. 
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0·3 to 3·3 GHz Converter TM 8094 

FREQUENCY RANGE 

INPUT SENSITIVITY 

MAXIMUM INPUT 

INPUT IMPEDANCE 

LEVEL INDICATOR 

0 ·302 to 3·404 GHz in 100 MHz 
stops. 

100 mV for dial settings between 
0·3 and 0 ·4 GHz. 50 mV for dial 
settings between 0 ·5 and 3·3 GHz. 

1 volt r.m.s. 

50 n nominal. 

Meter indicates tuning and 
minimum input signal level required. 

Video Amplifier module TM 8517 

FREQUENCY RANGE 

SENSITIVITY 

LEVEL INDICATOR 

SENSITIVITY 
CONTROL 

INPUT IMPEDANCE 

MAXIMUM INPUT 

ACCESSORIES 

Optional 

10 kHz to 100 MHz. 

Typically 1 mV r.m .s. 
(Always better than 2·5 mV). 

Lamp indicates adequate level for 
correct count. 

Continuously variable. Assists in 
measurement of noisy signals by 
reduction of h.f. sensitivity. 

1 M 0 shunted by 15 pF. 

2 volts r.m.s. sine a.c. 
± 250 volts d.c. 

TM 8661 1 0 : 1 Probe. 
Input impedance 10 MO. 10·5 pF. 

TM 8563 1 00 : 1 Probe. 
lnput·impedanco 10 MO. 2·5 pF. 
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Power and Voltage Ratios 1n Decibels 

The decibel notation is basically a method of expressing 
power ratio the number of decibels (N c;:f B) being given 
by 

P2 
N dB = 10 log10 Pi 

where P, and P2 are the two power levels under com
parison. 

On the assumption of constant impedance the notation 
is also used for voltage ratio. giving 

V2 
NdB = 20 log,o -

V, 

where V1 and V2 are the two voltage levels. 

In the above expressions the denominator (Pi or V,) 
is the reference level. so that a power or voltage may be 
expressed as "N dB with respect to x w atts or volts". 
This is often contracted to dB 1N (to mean decibels with 
respect to 1 µV). dBm (with respect to 1 mW). dB W 
(with respect to 1 watt). etc. 

Table I 

Ratio Down Ratio up 
VOLTAGE POWER DECIBELS VOLTAGE POWER 

1 ·0 1 ·0 0 1 ·0 1 ·0 
·9886 ·9772 ·1 1 ·012 1 ·023 
·9772 ·9550 ·2 1 ·023 1 ·047 
·9661 ·9333 ·3 1 ·035 1 ·072 
·9550 ·9120 ·4 1 ·047 1 ·096 
·9441 ·8913 ·5 1 ·059 1-122 
·9333 ·8710 ·6 1 ·072 1 ·148 
·9226 ·8511 ·7 1 ·084 1 ·175 
·9'120 ·8318 ·8 1 ·096 1 ·202 
·9016 ·81 28 ·9 1·109 1 ·230 
·8913 ·7943 1 ·0 1 ·122 1 ·259 
·8710 ·7586 1 ·2 1 ·148 1 ·318 
·8511 ·7244 1 ·4 1-175 1 ·380 
·8318 ·6918 1 ·6 1 ·202 1 ·445 
·8128 ·6607 1 ·8 1 ·230 1 ·514 
·7943 ·6310 2·0 1 ·259 1 ·585 
·7762 ·6026 2·2 1 ·288 1 ·660 
·7586 ·5754 2-4 1 ·318 1 ·738 
·7413 ·5495 2·6 1 ·349 1 ·820 
·7244 ·5248 2·8 1 ·380 1 ·905 
·7079 ·5012 3·0 1 ·413 1 ·995 
·6683 ·4467 3·5 1 ·496 2·239 
·6310 ·3981 4 ·0 1 ·585 2·512 
·5957 ·3548 4·5 1 ·679 2·818 
·56 23 ·31 62 5·0 1 -778 3·162 
·5309 ·2818 5·5 1 ·884 3 ·548 
·5012 ·2512 6 1 ·995 3 ·981 
·4467 ·1995 7 2·239 5·012 
·3981 ·1 585 8 2·512 6·310 
·3548 ·1259 9 2·818 7·943 
·3162 ·1000 10 3·162 10·000 
·2818 ·07943 , 1 3·548 12 ·59 
·2512 ·05310 12 3·981 15·85 
·2239 ·05012 13 4·467 19·95 
·1995 ·03981 14 5·012 25 ·12 
·1778 ·03162 15 5 ·623 31 ·62 
·1 585 ·02512 16· 6·310 39·81 
·1 413 ·0199 5 17 7·079 50·12 
·1259 ·01585 18 7·943 63·10 
·11 22 ·01259 19 8·913 79·43 
·1000 ·01000 20 10·000 100·00 

Where the numerator of the ratio is less than the 
denominator N becomes negative; this may be expressed 
as" - Nd B" or ' 'N dB down", positive values of N being 
regarded as "N dB up" by analogy. 

Tables I and II facilitate rapid conversion between 
decibels and vol tage or power ratios. To convert decibels 
to voltage or power ratio use Table I ; to convert voltage or 
power ratio to decibels use Table II. 

Table I covers dB ratios up to 20 dB only. For values of N 
greater than 20 proceed as follows. 

Let X be the whole number of times that 20 can be 
divided into N, to leave a remainder that falls within the 
range of the table. Look up the voltage or power ratio 
corresponding to this remainder on the appropriate side of 
lhe table. For voltage ratio "up" multiply by 1 ox. and 
for voltage ratio "down" divide by 10x. For power ratio 
multiply or divide. as appropriate. by 102)(. 

Table 11 covers voltage and power ratios from 1 to 1 0. 
For power ratios outside this range move the decimal 
point to the left or right to bring the figure within the range. 
then add 10 dB for each position that the point is moved to 
the left or subt ract 10 dB for each position that it is moved 
to the right. For voltage ratios use the same procedure. but 
add or subtract 20 dB instead of 10 dB. Ratios close to 1 
and to 1 0 are given in smal ler increment than the rest of 
the table for convenience of conversion when errors are 
to be expressed in decibels. 

Table II 

Voltage 
or dB dB 

Power Voltage Power 
Ratio 

1 ·0 O·O 0·0 
1-1 0·83 0 ·41 
1·2 1 ·58 0 ·79 
1 ·3 2·28 1-14 
1·4 2·92 1 ·46 
1 ·5 3-52 1 ·76 
1 ·75 4·86 2·43 
2·0 6·02 3 ·01 
2·5 7 ·96 3·98 
3·0 9"54 4·77 
3·5 10·88 5·44 
4·0 12·04 6·02 
4·5 13·06 6·53 
5·0 13·98 6·94 
5·5 14·81 7·40 
6·0 15·56 7·78 
6·5 16·26 8·13 
7·0 16·90 8·45 
7·5 17·50 8·75 
8 ·0 18·06 9·03 
8 ·5 18·58 9·29 
9 ·0 19·08 9 ·54 
9·25 19·32 9 ·16 
9·5 19·55 9·27 
9·6 19 ·65 9·32 
9·7 19·74 9·87 
9·8 19·83 9·91 
9·9 19·91 9 ·95 

10·0 20·0 10·0 
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Star-Delta Transformations 

z B 

z, 

ZA 
Z1 Z2 Z1 

ZA Za + Za le + ZA le 
Z1 + Z2 + Z3 Zs 

Za 
Z2 z3 

Z2 = 
ZA Za + Zs Ze + ZA Zc 

Z1 + Z2 + Z3 Zc 

Zc = 
Z1 Z3 

z 3 = 
ZA Ze + Ze Zc + ZA Zc 

Z1 + Z2 + Z3 ZA 

Resistive Attenuators 

R ;n = Rout = Ro 
Attenuation in decibels = 10 log10 A or 20 10910 N 
w here A = power ratio; i.e .. P;n/Pou1 

N = voltage ratio; i.e., E;n/Eour 

T Networks 

T Network 
R3 

n Network 

[ 
A + 1] R1 = Ro. A _ 1 - Rs = 
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:r Networks 
A-1 

R3 = Ro. 2 VA 
N2 

- 1 
Ro· 2fV 

~4 = [~o·~ = ~ ] - ~3 = [~0·~: = ~ ] -R3 

Table I below gives the multiplying factors for the design 
of attenuator pads from 0·5 dB to 40 dB. In order to fi nd 
the actual resistive values multiply the figures given in the 
table above by Ro. 

Table I 

Atten. Multiplying Factors 
in dB 

R1 R2 Rs R• 

0·5 0·0287 17 ·361 0·0576 34·79 
1 0·0576 8 ·669 0-1 15 17·39 
2 0·115 4·305 0·232 8·726 
3 0·171 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 1 ·11 6 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 0·2 54 3·907 1 ·288 
20 0·818 0·202 4·950 1 ·222 
25 0·894 Q-113 8·876 1 ·119 
30 0·939 0·0633 15·80 1 ·065 
35 0·965 0 ·0356 28·13 1 ·036 
40 0·980 0·0200 50·0 1 ·020 



Matching Pads 

R1n/Roul = F, E;n/ Eout =N, Pin/Poul = A 

Ro R, R, 

T NETWORK 

T Networks 

R3 = 
2 VA R1n Rout 2N = R;n. --

A - 1 N 2 
- F 

[ A + 1] R2 = Rout. A _ 1 - R3 = [ N
2 

+ FJ Rout. N2 _ F - R3 

R1 = [ R;n. ~ = ~ J - R3 = [ N
2 
+ F] R;n. N2 _ F - R3 

RL 

R, 

R1n_. R, Rs +-Rout 

11 NETWORK 

;; Networks 

1 2 J A 1 2N 
R6 = A - 1 . R1n Rout = Rout . N2 - F 

- - - ·-- - -1 [ 1 A + 1] 1 
Rs - Rout A - 1 - R6 -

[ 1 N
2 + FJ 1 

Rout. N2 - F - Ra 

- - - ·-- - -1 [ 1 A + 1] 1 
R, - Rin A - 1 - R

6 
-

[1 N
2 +8 1 R;n. N 2 - F - R, 

In practice T and 11. impedance matching pads are 
usually designed to give some convenient voltage ratio. 
w hich may be stated in decibels even though the input 
and output impedances are different. The table shows 
resistive values for commonly used impedance and attenu
ation ratio. The figures in the column N {dB) are those 

equivalent to 20 log E.Ein and should not be regarded as 
out 

the true (;:ut) decibel attenuation. 

Attenuation 
Resistance values in ohms Ratio 

N (dB) N R1n Rout R1 R2 Rs R, Rs Ro 
10 y'1 0 75 50 45 ·7 11 ·9 55·8 31 ·8 81 ·4 67·2 14 5 74 50 52·7 24·5 31 ·9 154 71 ·4 118 
20 10 75 50 62·2 36·3 15·2 97·5 58·5 286 

6 2 75 60 34·1 5·5 109 8 27 13·2 41 ·3 
10 v'10 75 60 42-3 23-0 54·3 197 107 83·2 
14 5 75 60 51 ·0 24·5 31 ·6 129 87·7 143 
20 10 75 60 67·7 40·2 15·2 97·1 73·2 296 

6 2 60 50 25·7 7·1 85·7 417 116 35·0 
10 v' lO 60 50 33·2 20·4 43 ·2 146 91 ·0 69·6 
14 5 60 50 40·9 30·0 25·2 100 73·5 119 
20 10 60 50 49·4 39 ·1 12·2 73·5 59·7 247 
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Equivalent Series and Parallel Networks 

Parallel Circuit 

Impedance IZI RpXp 
y'Rp2 + Xp2 

Phase angle 0 = tan -1 ~~ 

Series Circuit 
Impedance IZI = y'Rs2 + Xs2 

Xs 
Phase ang le 0 = tan -' Rs 

When the two circuits are equivalent 

Xp Rp2 Z2 

Xs = = -Rp2 +Xp2 Xp 

RpXp2 Z2 

Rs = =-Rp2 + Xp2 Rp 

Rs2 + Xs2 Z2 

Xp = Xs = Xs 

R _ Rs2 + Xs2 Z2 

P - Rs =Rs 

A nominally inductive or capac1t1ve component is 
usually equivalent to reactance and resistance in a network 
that is predominantly series or para ll el. For realistic 
measurement it is important that the correct configuration 
is chosen. especially if the loss in the component is 
significant. 

At any given frequency a series network has an equiva
lent parallel network g iving the same impedance and 
phase angle as shown below. 

Lp = Ls (1 + 0 2
) 

RP = Rs (1 + 0 2
) 

Cs = Cp (1 + 0 2
) 

RP = Rs (1 + 0 2
) 

The following table gives correction factors for con 
verting LP to Ls or Cs to Cp and vice versa. Below 0 = 0·1 
the error is negligible. 

Multiply by 

D (1 + 02) LP to Ls 
( 1 ~ 0 2 ) 

Ls to LP 
Cs to Cp Cp to Cs 

0·10 1 ·01 0·99 
0·15 1 ·023 0·98 
0·20 1 ·04 0·962 
0·25 1 ·063 0·943 
0·30 1 ·09 0·917 
0·33 1 ·109 0·901 
0·35 1 ·123 0·893 
0-40 1 ·16 0·862 
0·45 1 ·203 0·833 
0·50 1 ·25 0 ·8 
0·60 1 ·36 0·735 
0·70 1 ·49 0·671 
0·8 1 ·64 0·610 
0·9 1 ·81 0·553 
1 ·0 2·0 0·5 
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Phase Angle Measurement 

A standard method of measuring the phase angle 
between two equal-frequency sinewaves is shown in 
Fig. 1. Signa l ' '1" is app lied to the X input of the oscill o
scope. and signal "2" to the Y input. The phase difference. 
e, is assessed from the dimensions of the resulting el lipse 
as shown in Fig . 1 (b). 

With the single ellipse. however. it is difficult to determine 
the exact position of the vertical centre line in order to find 
dimension 8. Th is d i fficu lty can be obviated by the use 
of a double trace osc illoscope. signa l '' 2" being applied to 
both Y inputs in para ll el. 

To obta in the pattern shown in Fig. 2. it is. o f cou rse. 
necessary to switch one Y channel to the " invert" con
dition. The gains of the two channels must be adjusted 
for equa li ty before dimension A is measureo. The vertica l 
centre line. giving d imension 8. is then easily identified by 
the intersecting points of the el lipses. 

The phase angle may be read from the accompanying 
nomogram (opposite) by connecting the appropriate 
points on scal es A and B. and then reading the phase angle 
directly from scale C. For measurement of phase ang le 
between 45 ° and 90 ° improved discrimination can be 
obtained by use of the A'. B' . and C' scales. 

B 

1 __ _ 

Fig 2 
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Measurement of Fast Pulse Rise Times 

When using an oscilloscope to measure pulse rise times 
w hich are long compared with the rise time of the oscillo 
scope Y amplif ier. negligible error is introduced by the 
amplifier. However. it is sometimes desired to use an 
oscil loscope for measurement of a pulse rise time which 
is of the same order as that of the Y amplifier; and it is then 
necessary to apply a correction to the measured time. 

The rise time of an amplifier is defined as the time of 
rise. from 10% to 90%. of the output voltage when a 
perfect step. i.e. one having zero rise time. is applied to 
the input terminals. 

The shape of the output pulse is a function of time. 
famp(t). wh ich depends upon the high- frequency response 
characteristic of the amplifier. Similarly. an input step 
voltage of finite rise t ime may follow a different function 
of time. fpulse(t). The output voltage then follows the pro
duct Of the two functions; i.e. Vinstant=famp(t) Xfpulse(t) . 

Thus the ultimate rise time of the output pulse depends. 
not only upon the two rise times. but also upon the func
tions famp and fpulse. In practice. however. the case is 
simplified by the fact that providing the overshoot is 
small there is little variation of shape over the portion 
of the transient between 10% and 90% of the pulse height': 
and a close approximation to the rise time relationships 
is given by the expression: 

tdJsplay=V t2pulse + t2amp 

Where tdJsplay is the rise time of the output pulse. 
tpvlse is the rise time of the input pulse. 
tamp is the rise time of the amplifier. 

The accompanying abac on Page 211. is based upon 
the above expression and provides a ·convenient means 
of converting the rise time measured on an oscilloscope 
to the true rise time of the input pulse. 

To use the abac. find the point corresponding to the 
rise time of the oscilloscope on Scale 1 and the point 
corresponding to the measured rise time on Scale 2. Use a 
straight-edge to project the line joining these two points 
on to Scale 3. The point where the line crosses Scale 3 
is the rise time of the input pulse. 

As an example. line x-x gives the rise time of a pulse 
which is measured as 40 nsec (Scale 2) on an oscillo 
scope having a Y-amplifier rise time of 25 nsec (Scale 1 A). 
The rise time of the input pulse is read from Scale 3 as 
31 .2 nsec. 
The abac is scaled to 50 nsec. which should cover 
most practical measurements of this kind· with adequate 
discrimination. However. the range can be extendec;l by 
multiplying the three time-scale readings by any con
venient number. But. to preserve the correct relationship 
between Scale 1 A and Scale 1 B the frequency given by B 
must be divided by the same number. 

The use of the abac is. of course. not confined to 
oscilloscope amplifiers. ft can be used in conjunction 
with any amplifier or system carrying fast-rise puls.es. If 

. the rise time of the system is known. the deterioration of 
a pulse can be read directly from the abac by using Scale 1 
for the rise time of the system. Scale 3 for the rise time of 
the input pulse. and Scale 2 to give the output rise time. 

To measure the rise time of an amplifier or system. apply 
a fast rise pulse to its input. and measure the rise time of 
the output pulse on an oscilloscope. applying abac correc
tions where necessary. The rise time of the system can 
then be obtained from the abac by the method given. 
Provid ing the overshoot is less than 5% of the pulse 
height. the bandwidth of the system can be calculated 
from the expression : 

F.3 de=0·35/tamp 
Where F.3 dB is the upper frequency limit at which the 

response is 3 dB below the mid-frequency 
response. 

tamp is the rise time of the system. 
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Frequency Modulation 

With sinewave modulation the sideband distribution 
depends on the deviation ratio- or modu lation index
whicl1 is usually signifi ed by the symbol P. and is given by 

{J = O f/fmod. 
where M is the peak f.m. deviation and fmod is the modula
tion frequency. fJ is also equal to the phase deviation in 
radians. 

Where the modulation frequency is variable and known. 
f.m. deviation can be accurately measured by setting for 
deviation ratios at which the carrier or sidebands have 
zero amplitude as shown in Tables I and II . 

Table I. Deviacion racios at which Che carrier or sideband compo
nencs have zero amplicude. 

Order Deviation Ratio 
of 

Zero 1st Pair 2nd Pair 3rd Pa ir 
Point Carrier Sidebands Sidebands Sidebands 

1 2·405 3·832 5·136 6·380 

2 5·520 7·016 8·41 7 9·761 

3 8·654 10·173 11 ·620 13·015 

4 11 ·792 13·324 14·796 16·223 

5 14·931 16-471 17·960 19·409 

Table II. Modulating frequencies corresponding co deviacions ac 
which carrier amplicude is reduced co zero. 

Carrier- Carrier-
first disappearance second disappearance 
dev. ratio (2 -4048) dev. ratio (5 ·5201 ) 

Freq. Dev. Mod. Freq. Freq. Dev. Mod. Freq. 
in kHz. in Hz. in kHz. in Hz 

1 41 6 5 907 

2 831 10 1.815 

3 1,247 15 2.71 8 

4 1.663 20 3.625 

5 2.079 25 4.530 

6 2.494 30 5.430 

7 2.911 35 6.340 

8 3.326 40 7.250 

9 3,742 45 8.160 

10 4.1 58 50 9.070 

15 6.237 55 9.975 

20 8.316 60 10.880 

25 10.395 65 11 .780 

30 12.480 70 12.690 

35 14.550 75 13.590 

F.M. on A.M. 
If f'.m. and a.m. are applied simultaneously to the carrier. 

the first order pair of sidebands-as viewed on the 
spectrum analyser- will be equal to the vector sum of the 
a.m. and f.m . sidebands. Assuming that peak deviation in 
the positive direction occurs at the same instant as the 
a.m. envelope peak-i.e .. the f.m. and a.m. modulating 
waveforms are in phase-the lower sidebands will be 
equal to the sum and the upper one to the difference of 
the a.m. and first order f.m. sideband amplitudes. 

As a guide to the degree of asymmetry to be expected 
from a given spurious f.m. deviation. Table 111 gives the 
maximum asymmetry that can be produced by various 
values o'f spurious f .m. deviation on 30% a.m. M ost 
spectrum analysers are calibrated in decibels; so the 
apparent sideband amplitudes are given in d B relatiye to 
the unmodulated carrier. with the larger sideband 
amplitude above the smaller. 

Table Ill. Sideband asymmetry caused by spurious f.m. on 30% 
wanted a.m. (f.m. in phase with a.m.). 

Apparent Sideband Amplitudes 
(dB relative to unmodulated carrier) 

F.M. 
Devi a- 100 Hz 400 Hz 1 kHz 10 kHz 

ti on Mod. freq. Mod. freq. Mod. freq. Mod. freq. 

0 16·5 dB 16·5 dB 16·5 dB 16·5 d B 

5 Hz 15·1 dB 16·1 d B 16·3 dB 
18·1 dB 16·8 dB 16·7 d B 

10 Hz 14·0 dB 15·8 dB 16·2 dB 
20·0 dB 17·2 dB 16·8 dB 

20 Hz 12·0 dB 15·1 dB 15·9 dB 
26·0 dB 18·1 dB 17·1 dB 

40 Hz 9· 1 dB 14·0 dB 15·4 dB 
26·0 dB 20·0 dB 17·7 dB 

80 Hz 5·7 dB 12·0 dB 14·4 dB 
13·2 dB 26·0 dB 18·2 dB 

100 Hz 4·6 dB 11 ·4 dB 14·0 dB 16·2 dB 
10·8dB 30·5 dB 20·0 dB 16·8 dB 

200 Hz 8·2 dB 12·0 dB 15·9 dB 
21 ·0 d B 26·0 dB 17·1 dB 

400 Hz 4·6 dB 9·1 dB 15·4 dB 
10·8 dB 26·0 dB 17·7 d B 

800 Hz 5·7 dB 14·4 dB 
13·2 dB 18·2 dB 

1 kH z 4·6 dB 14·0 d B 
10·8 dB 20·0 dB 

2 kHz 12·0dB 
26·0 dB 

4 kHz 9·1 dB 
26·0 dB 

8 kH z 5·7 dB 
13·2 dB 

10 kHz 4·6 dB 
10·8 dB 
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Amplitude Modulation 

Peak Modulation Measurement 

A fundamental method of peak a.m. depth measuremen t 
with an oscilloscope is illustrated in Fig. 1. The display 
in Fig. 1 (a) is obtained with the oscilloscope's internal 
saw- tooth time base. and for that in Fig. 1 (b) the modu
lat ing signa l is utilised to produce the horizonta l scan. 
In either case a.m. depth is given by 

A - 8 
A + 8 .70(]% 

Peak modulation depth measurement by the oscilloscope 
method is limited in accuracy mainly by any non-l ineari ty 
of the oscilloscope vertical deflection system and by th e 
lack of discrimination resu I ting f rom the need to compress 
the complete peak-to -peak display into the 6 cm w indow 
of the c.r.t. screen. The lack of discriminat ion becomes 
particularly acute at low modulation depths. w here the 
A and 8 dimensions are comparable. 

Considerably more discrimination is afforded by the 
standard type of modulation meter (e.g .. TF 2300). which 
indicates the peak modulation directly. This type of 
instrument basical ly comprises a low sensitivity receiver. 
with a d.c. coupled diode demodulator. The d.c. com
ponent of the demodulator output is equal to the carrier 
voltage. and the l.f. output is equal to the modulation 
componenr of the incoming waveform. In use the sen
sitivity to the instrument is adjusted to bring the carrier 
level to a reference value. and the amplitude of the l.f. 
component is monitored by means of a peak-reading 
diode vo ltmeter. calibrated directly in % modulation depth. 
Provision is normally made for reversing the voltmeter 
diode to permit measurement of the crest/ ca rrier or 
trough/carrier modulation factor. 

Providing the even order harmonic distortion is low 
(5% or less). obvtation of the asymmetry error by taking 
the average of the positive and negative (crest and trough) 

100 

B A 90 

80 

70 

-;. 60 
x 

(a) 
:;: 50 

"' ~ 40 
0 

peak modu lation readings gives the effective modula tion 
depth with negligible error. 

Sideband Power Method 

With an undistorted sinuso ida l envelope. the sideband 
power wou ld be equal to M2/2 t imes the carrier power : i.e. 

M %= [2~s] t x 100 

w here M is the modulation depth. Ps is the power in the 
sideband s. and Pc is the carrier power. 

The ca rrier power can be measured directly by means of 
a true mean power (thermocouple) meter w hen no modu
lation is applied. but there is no direct way of measuring 
the sideband power separately from the carrier. The 
standard method is. therefore. as follows. 

First measure the r.f. power with no modulation applied. 
and call this power Pc. Apply the modulat ion. note the 
new power read ing. and ca ll this Pm. Ps is equal to 
Pm - Pc. so equation ( 4) can be rew ritten. 

M %= [
2;;-2J tx 700 

If properly conducted. with suitable measuring instru
ments. the power-measurement method can give a very 
accura te assessment of r.m.s. modulation depth. However. 
it suffers from lack of discrimination when the modulation 
depth is low. With 30% modulation. for example. the va lue 
of Pm/ Pc w ould be 1 ·045. The utili ty of this method can. 
therefore. be rea lised only for the higher modulation 
depths; and. for most applicati ons. the methods utilising a 
modulation meter are generally more suitable. 

The curve below gives values of Pm/Pc for modulation 
depths from 0 to 100%. 
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~ 
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Nomenclature of Radio Frequency Bands 

In accordance with Article 2, Section 111 . Paragraph 
112, § 7 of the Rad io Regulations (Geneva, 1959) of the 
International Telecommunications Union, it is recom
mended that frequencies shall be expressed: 

From 30 kHz to 3,000 kHz in kHz 
From 3 MHz to 3.000 MHz in MHz 
From 3 GHz to 3.000 GHz in GHz 

and that the radio spectrum is divided into nine frequency 
bands, designated by a Band Number "N", where the 
band extends from 0·3 x 1 QN to 3 x 1 ON hertz, the lower 
l imit being excluded. and the upper limit included. 

The fol low ing table indicates the relationship between 
this and other systems : 

Band Frequency Metric 
No. Range Adjectival Designation Sub-division 

4 3- 30 kHz Very Low Fre- V.L.F. Myriametric 
quency 

5 30- 300 kHz Low Frequency L.F. Kilometric 

6 300-3.000 kHz Medium Fre- M.F. Hectometric 
quency 

7 3- 30 MHz High Frequency H. F. Decametric 

8 30- 300 MH z Very High Fre- V. H.F. Metric 
quency 

9 300-3,000 MHz Ultra High Fre- U.H.F. Decimetric 
quency 

10 3- 30 GHz Super High Fre- S.H.F. Cen ti metric 
quency 

11 30- 300 GHz Extra High Fre- E.H.F. M illimetric 
quency 

12 300-3.000 GHz - Decimill imetric 
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Frequency Allocations 

GENERAL BROADCASTING 
Frequency allocations by ITU for broadcasting for primary services. 

Region 1 Region 2 Region 3 
Europe & Africa N. & S. America Asia 
160-286 kHz 
526-1606 kHz 535- 1605 kHz 535- 1606 kHz 

Several bands between 2·3 and '16·1 MHz allocated to broadcasting 
Band I 41-6BMHz 44-50MHz 

Band II 
Band Ill 
Bands IV 

andV 

64-73 MHz 54-68 MHz 
87·5-100MHz 75·4-108 MHz 87-108 MHz 

174- 223MHz 174-216MHz 170-216MHz 

470- 960 MHz 470-890 MHz 470-960 M Hz 

U.H.F. Television (Bands IV and V) in Europe and Aftica 

Comments 
Probable use 
Sound 
Sound 
Sound 
Television 
Television 
FM Sound 
Television 

Television 

There are five sysrems which can be adopted. All are 625 line sysrems and the 
frequency bands are 470 MHz to 850 MHz. (Futrher detaHs from E.8 .U. or World 
Radio and TV Handbook. 1965.) 

TELEVISION BROADCASTING 

Line Standards and vision frequencies used are : 

U.K. 405 lines 41·5 MHz- 66·75MHz 
176·26 MHz- 219·75 MHz 

625 lines U.H.F. started April. 1964 and the band 
470-790 MHz is scheduled. 

Continental Europe 
(excluding France. Monaco. Italy and 0 .1.R.T. members) 

625 lines 41·25 MHz- 67·75 MHz 

France and Monaco 
819 lines 

Italy 
625 lines 

U.S.S.R. and 0 .1.R.T. Members 
625 lines 

New Zealand 
625 lines 

Australia 
625 lines 

Japan 
525 lines 

U.S.A. 
625 lines 

82·25 MHz- 87·75 MHz 
175·25 MHz-229·75 MHz 

41·25 MHz- 65·55 MHz 
164·00 MHz-214·60 MHz 

53·75 MHz- 87·75 MHz 
175·25 MHz-222·75 MHz 

49·75 MHz- 65·75 MHz 
77·25 MHz- 99·75 MHz 

175·25 MHz-229· 75 MHz 

45·25 MHz- 67·75 MHz 
175·25 MHz-21 5·75 MHz 

46·25 MHz- 51·76 MHz 
57·25 MHz- 69·75 MHz 
86·25 MHz- 92-75 MHz 
95·25 MHz-107-75 MHz 

138·25 MHz-143·75 MHz 
175·25 MHz-201-75 MHz 
209·25 MHz-221 ·75 MHz 

91·25 MHz-107·75 MHz 
171 ·25 MHz-221·75 MHz 
663·25 MHz-769·75 MHz 

55·25 MHz- 87-75 MHz 
175·25 MHz-21 5·75 MHz 
471 ·26 MHz-889·75 MHz 

INTERNATIONAL AIRCRAFT BANOS 1 MHz to 3000 MHz 

74·6-75·4 MHz Marker beaco~s (74·8-75·2 MHz Region 1 ). 
108-132 MHz (Much of the band 236-400 MHz Is also used for 

aircraft although not internationally allocated.) 
328·6-335·4 MHz ILS. 
960-1216 M Hz Airborne navigation and its ground-based facil ities. 

1300-1360 MHz 
1640-1660 MHz 
2700-2900 MHz 

CTACAN. OME. S.S.R .. etc. are in \Ills band.) 
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MOBILE COMMUNICATIONS above 30 MHz and below 3000 MHz. 

Frequencies allocated by ITU for mobiles for prima,Y services. 

Region 1 Region 2 Rag ion 3 Comments 
Europe and Africa N. & S. America Asia 

29·7- 41 MHz 29·7-60 MHz 29·7-50 MHz U.K. uses 29·7-41 
MHz for aeronautical 

68- 74·8 
75·2-87·5· 

100- 100• 
118- 136t 
136- 137 
138- 144t 
146- 149·9 . 
150·05-174° 
235- 399·9 
406- 430° 
440- 450° 
450- 470 

1350-1400 
1427-1525° 

2250-2690 

64- 73 54- 100 

74·6-88 

118- 132t 118- 132t 
132- 136 132- 137 
138- 144 138- 144 
148- 149·9 148- 149·9 
150·05-216 150·05-216 
2-25- 399·9 225- 399·9 
406- 420 406- 420 

450- 470 450- 470 

610- 960 
1427-1429• 1427- 1429° 
1429-1 625 1429-1525 
17.10-2290 1710- 2300 
2550-2690 2650-2690 

• Except aeronautical mobile. 
t Aeronautical mobile. 

Australia 4 70-500 
MHz 

In most cases other servicos ore also alloca ted to these bands. 

The mobile bands about wh ich we hear most often are : 

U.K. Land Mobiles 
71·5-88 MHz "low" band 

156- 173·05 M Hz "high" band 
460-470 MHz. 

U.S. Land Mobiles 
25- 50MHz 

144- 174 MHz 
400-470MHz 
890-960MHz 

Japanese Mobiles 
23·35-41 MHz 

118-170MHz 
225-328·6 MHz 
406-412MHz 
450-470MHz 
770-920MHz 

Australia has the bond 4 70-600 MHz allocated to mobiles and may use mobiles 
above 500 MHz. Japan has a large number of mobile bands. They are given below 
but some may not be land mobiles. 

FIXED COMMUNICATIONS (i.e. Point to Polnt)-1 MHz to 3000 MHz International. 
a) Line Communications (Wire a"nd Cable) 

60 kHz-12·6 MHz 

b) Radio Communications 
1 ·6-28 MHz but not continuously and exlusively for fixed commu

nications. 
29·7-41 MJ:lz also allocated to other services. 

150·05-174•MHz• } 
235-399·9 f,iHz• Some multichannel radio links in these 
450-470 MHz• bands. 
890-960 MHz• 

1427-1635 MHz• also Space : (Multichannel links 1485-1650 MHz 
In U.K.) 

1700-2300 MHz microwave links. 
• Also allocated to mobiles. 

c) Satellite Communications 
There are a number of bands allocated to satellite communications (in 

addition to bands for space research. sp.;ce telemetry, etc.) but th~se are all 
above 3000 MHz. 

OTHER FREQUENCY BANDS (excluding land mobiles. broadcasting end fixed 
communications). 

U.K. 74·8-75·2 MHz Aircraft (ILS markers at 76 M Hz). 
108-144 MHz Aircraft (108-112 MHz ILS localiser. 

112- 118MHzVOR, 
118-139·5 MHz Ground Controlled 

Approach). 
216-235 MHz Aircraft. 
328·6-335·4 MHz ILS Glide Slope. 
225-400 MHz MilitaryAirborne. 

U.S. 225- 420 MHz 
215- 266 MHz 
400- 650 MHz 

1436-1535 MHz 
2200-2300 MHz 

I.F's Used 
466 kHz, 1·6 MHz 

Mainly Government 
Tolametry. 
Range safety. 
Telemetry. 
TelemetJy. 

10·7 MHz FM receivers. 
70 MHz FM receivers. multichannel links. 

5·6, 6 and 6·5 MHz lntercarrier sound. 



Selected Radio Formul~ 

CAPACITANCE 
Parallel plate ca pacitor 

C(in pF) = 11~3t1 d 
where A = area of one plate in sq. ems 

"' permi ttivi Ly 
d - dielectric thickness in centimetres. 

Plates 1 mm apart in air have a capacitance of 0·884 pF 
per sq. cm of plate area. Plates 1 /1 O" apart have 2 · 245 pf 
per sq . inch. 

Rea ctance of a capaci tor 
X (in ohms) = 1 / wC 

where C - ca pacitance in farads 
w = 2rr x frequency in Hz. 

Power Factor 

cos <p = R/Z = Rh/ R2 + x2 
where R = series resistance 
i.e. cos c;> = wCR when R is small compared with X 

Magnification 

0 X/R = 1/wCR 

Loss angle 
s = tan S (when loss is small) 

and tan S - cos <p (when loss is small. i.e .. capacitor has 
good power factor) 

Therefore. for good capacitors. loss ang le = power 
factor = 1 /Q. 

INDUCTANCE 
Reactance 

X (in ohms) wl 
where L = inductance in henries 

w = 2 rr x frequency in Hz 

Power Fa ctor 

cos '? = R/Z = R/vR2 + x2 
where R is series resistance 
i.e.. cos rp = R/w l when R is sma ll compared w ith X 

Magnification 

Q = X/R = wl/R 
= 1 /cos <p when R is small 

compared with X 
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TUNED CIRCUITS 

Frequency (in Hz) = 1 /2rr v'IT 
Where L and C are in l1enries and farads respectively 

and series resistance can be ignored 
Wavelength (in metres) = 1.885 v'LC 
where L and C are in p.H and 1.1.F respectively. 

For sing le tuned circuit 

0 
= _f_. _ Frequency at resonance 

f1 - fz Bandwid t11 at O· 707 of max. response 

Dynamic resistance at resonance 

Rd = L/CR 
where R is series resistance. 

TRANSMISSION LI NES 

z. = v'DC 
where L and C are inductance and capacitance per unit 

length. 

Parallel Wires in Air 
z. (in ohms) = 276 IOQ10 d/r 

wh ere d = d istance between centres in ems 
r = rad ius of wire in ems 

Concentric Cables 

z. (in ohms) = (138 log10 r2/r1)/y'; 
where r1 = inner radius 

r2 = outer radius 
e = permittivity of dielectric between conductors 

MAINS TRANSFORM ERS 
Turns per Volt 

E in volts = 4·44BANf x 1 o-a 
where B = flux density 

A = cross-sectional area of core 
N = number of tu rns 
f = frequency in Hz 

Note : B and A must be in corresponding units (lines/sq. 
in. and sq. ins; gauss and sq. ems). 

Since N/E = turns per volt 
turns per volt = 1 QB/4·44 BAf 



Selected Mathematical Formulffi 

Trigonometrical Functions 

sin (A + 8) = sin A cos 8 + cos A sin 8 
cos (A + 8) = cos A cos 8 - sin A sin 8 
sin (A - 8) = sin A cos 8 - cos A sin B 
cos (A - 8) cos A cos B +sin A sin 8 
sin 2A 2 sin A cos A 
cos 2A = cosz A - sinz A = 1 - 2 sinZ A 

= 2 cos2 A - 1 
sin2 A + cosz A = 1 
1 + tan2 A = secz A 
1 + cot2 A = cosec2 A 

Hyperbo lic Functions 
sinh x = ! (e' - e-' ) 
cosh x = :l (e' + e-') 

tanh x 

Series 
Taylor's 

e' - e-• 

(x - a) 2 
f(x) = f(a) + (x - a)f'(a) + 2 ! f" (a) 

' (x - a)3 f'"(a) + 
T 3! ... 

Maclaurin's 
xz 3 

f(x) = f (0) + xf' (0) + 2T f" (0) + ; ! f"' (0) + ... 
Binomial 

(1+ )"= l .l... ...Ln(n-1) 2...Ln(n - 1) (n-2) J.l... 
x I nx I 2 ! x I 3 ! x I 

n(n - 1) 
(1- x)"= l - nx ..L xz 

(x <1) 
n(n- 1) (n-2) 

3 
, 

31 XI ... 
I 2 ! 

Logarithmic 
xz x3 x4 

log (1 + x) = x - 2 + 3 - 4 + ... 

xz x3 x4 
log (1 - x) = - x - 2 - 3 - 4 - ... 
Exponential 

xz x3 x4 
ex = 1 + x + 2T + 3! + 4! + ... 

Differentials 
d (ax) 
d (uv) 
d (u) 

(v) 
dx" 
de .. 
da' 
d (sin x) 
d (cos x) 
d (tan x) 

= adx 
= udv + vdu 

vdu - udv 
vz 

= n2(0 - 1 dx 
= aeax dx 
= a' log a dx 
=cos x dx 
= - sin x dx 
= secz x dx 

(x < 1) 
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d (cot x) = - cosec2 x dx 
d (sec x) = tan x sec x dx 
d (cosec x) = - cot x cosec x dx 

Integrals 

1. J x" dx 
x" + 1 

= -- (n :;t:- 1) 
n + 1 

2. J; dx = log x 

J 
e•· 

3. e .. dx a 

4. J log x dx = x log x - x 

J
. dv j' du 

5. u - dx = uv - v - dx 
dx dx 

6. J sin x dx = - cos x 

7. J cos x dx = sin x 

8. J sh x dx = ch x 

9. J ch x dx = sh x 

1 0. J az ~ xz dx 

11 . J v az ~ x2 dx 

12. J v(x2~ a2) dx 

1 x 
= - tan-1 -

a a 
x 

= sin-1 -
a 

x 
= sh-1 -

a 
= log (X -!- y a2 -!- xZ) 

13. J v xz ~ az dx 

J 
f' (x) 

14. f (x) dx 

15. J tan x dx 

16. J cot x dx 

x 
= ch-I -

a 
= log (x + v xz - az 

= log f (x) 

= - log (cos x) 

= log (sin x) 

17. J cosec x dx = log (tan! x) 

18. J sec x dx = log { tan ( ~ + ~ x) } = 

log (sec x + tan x) 

I dx 1 
19. a + bx = b log (a + bx) 
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The Sanders Division of Marconi 
Instruments 
The formation of the Sanders Division of Ml and the expansion of the Company's 
product range into the microwave spectrum followed the acqu isition in 1965 of 
W. H. Sanders (Electronics) Ltd. The high level of craft ski lls bu ilt up by 
W. H. Sanders combined w ith the technical and financial resources of Marconi 
Instruments and now the powerfu l backing of GEC-Marconi Electron ics Ltd. have 
created the most dynamic microwave instrumentation and components company 
outside the U.S.A. 

The policy of M l -Sanders is to provide a range of microwave test equipment designed 
to performance and price standards which meet the needs of large-sca le systems use 
and also of laboratory and production testing applications. Further. arisi ng from a 
design and manufacturing programme concentrated on producing equipment to the 
highest practicable levels of quality and reliability, a very extensive range of com
ponents has been established which has proved highly successful in international 
markets. 

The Sanders Division of Ml is actively exploiting the potential of the newly-emerging 
active solid-state devices suitable for microwave frequencies. from which work many 
advanced new products are projected. While deriving the maximum.advantage for new 
techniques. however. Sanders Division maintains the majority of its microwave 
sub-contracting facility, which was the original basis for its skills: the expertise 
and experience of craftsmen who are totally involved in highly demanding precision 
techniques of microwave manufacturing geometry are aualit ies of v ital importance to 
'customers. The manufacture of waveguide, a tradit ional Sanders service. continues 
against a background of energetic development. 

The high standards of design and w orkmanship w hich characterise Marconi Instru 
ments products are equally evident across the Sanders Division range and unstinting 
effort is applied to attaining every possible improvement in reliability and qual ity, 
while maintaining strongly competitive prices. 
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M.1. Sanders Standards 
Laboratory 

Equipped wi1h measuremenc 
standards for a wide range of 

parameters ar microwave 
frequencies. the M.I. Sanders 

S1andards Laboratory ranks 
wilh rhe finesr in Europe. 

The photograph shows the 
calibra1ion of precision 

thermistor mounrs againsr a 
Coaxial R.F Power Transfer 

Standard whose own calibra
rion is traceable 10 NB.S. 

s1andards 

Calibration and Test 
Part of MJ. Sanders main res1 

room. where rou1ine calibration 
of all produces is carried ou1. 

In its environmenta lly cont roll ed standards rooms. electrica l and mechanica l standards 
at microwave frequencies and tolerances are maintained to the same levels as those 
prpvided by international standards laboratories and c lose li aison exists w ith the 
Marconi Instruments Measurement Standards Laboratory at St. A lbans. Th is aspect 
of the Sanders service is continuously expanding. 

The Sanders Division development programme is currently aimed at an entire new 
generation of microwave prod ucts. Amongst these are planned microwave sources as 
narrow band devices. as broad band tunable devices and in spec ia l form. based on 
fully so lid state techniques using components of British design and manufacture: 
in addition new power and impedance measuri ng techn iques using both waveguide 
and coaxial inputs on th e appropriate sector of the spectrum and working up to 
90 GHz are planned for the near future. 
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Receivers and Selective Amplifiers 

Calibration Receiver type 6592 
A high-gain calibrated receiver utilising an external microwave mixer unit. 

l.F. CHARACTERISTICS 

ATTENUATOR 

Frequency 45 MHz ± 0 ·5 MHz. 

Bandwidth 2 MHz J.0 ·2 MHz. 

Nolso figure Loss thon 2 dB. 

Rongo 100 dB in four stops of 20 dB and 
20 stops of 1 dB. 

METERING Output level and mixer current. 

R.F. RANGE 2·6 to 40 GHz depending on mixer used. 

RECOMMENDED MIXERS Typos 6001 series, 6004 series, and 
6521 series (soo pago 4). 

V.S.W.R. Indicator / Selective Amplifier type 6593 

FREQUENCY 

Selective operation 1 kHz or 3 kHz. 

Wide band operation 800 Hz to 3·5 kHz. 

8ANDWIDTH 
(Selective operation) 

NOISE LEVEL 

Selective operation 

Wide band operation 

SENSITIVITY 
Normal 

Expanded scalo 

ATTENUATORS 

100 Hz at 1 kHz, 400 H~ at 3 kH z. 

Loss than 0·1 µV. 

Loss than 0·3 µV. 

Soloctive 
1·0µV f.s. 

0 ·4,.V f.s. 

Wide band 
2·0 µV f.s. 

O·B µV f.s. 

Rongos 0 to 30 dB In steps of 1 O dB ± 0·5 dB. 

0to10 dB in steps of 1 dB ± 0·2 dB. 

0 to 1 dB continuously variable. 

V.S.W.R. Indicator type 6596 

INPUT CHARACTERISTICS 

Maximum sensitivity 

Internal noise 

Maximum input level 

Input i mpodanco 

Connectors 

GAIN CONTROLS 

Fino control 

Coa rso control 

FREQUENCY 
CHARACTERISTIC 

LINEARITY 

Centro frequency 

8andwldth 

Bettor than 1 µV r.m.s .. full ~cale. 

Less than 0·1 ,.v r.m.s. 
(equivalent input) . 

1 mV. 

1 kn (approx.). 

BNC sockets. 

4 : 1 voltage.gain variation. 

300 : 1 voltage -gain variation. 

1 kHt ± 50 Hz. 

80 Hz ± 30 Hz. 

Better than 3% of full sca le. 
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Modulators, Detectors and Mixers 

P.l.N. Diode Modulators type 6053 series 

TYPE 6053/ 1 TYPE 6053/3 

Frequency range 0·5 GHz to 12·4 GHz 7·5 GHz to 12·4 GHz 

Insertion loss Less 1han 2 dB at 8 GHz 0·75 dB maximum. 
(at zero bias) 

Maximum isolation 35 dB at 100 mA bias Greater than 20 dB 

V.S.W.R. Better than 2 : 1 Typically 1 ·5 : 1 (2 : 1 max.) 
(at zero bias) 

Connectors R.F. line: Stainless OSM female connectors for r.f. 
steel type N ; and bias on standard version . 
Modulation: Type BNC Alternatively supplied wi th male 
silver plated brass. connectors for r.f. and female 

for bias. 

Coaxial Detectors type 6002 series 
(formerly CD series) 

Type Frequency RF Input 
No. Formerly Range Connector 

6002/ 1 CDN/S/D 200 MHz-1 2 GHz Type N male 
6002/ 2 CD/PM/D 200 MHz-12 GHz Type N female 
6002/ 3 CDC/S 200 MHz-12 GHz Type C male 
6002/4 CD/ BNC/ S/ D 200 MHz-12 GHz Type BNC male 
6002/5 CDC/S/D 200 MHz-12 GHz Type C male 
6002/6 CDN/$18 12 GHz-18 GHz Type N male 

Wide Band Detector type 6060 

FREQUENCY 

INPUT 

Range 10 MHz to 12·4 GHz. 
Response Fla! wi1hin ± 0·2 dB por octave from 

10 M Hz lO 8 GHz. 

Impedance 
V.S.W.R. 

Flot within ± 0·5 dB from 8 tot 2·4 GHz. 

son 
Loss than 1 ·5 : 1 over the full 
fi'equency range. 

Maximum pow er · 

SENSITIVITY 

100 mW. 

OUTPUT 

Unloaded 0·25 mV per ,,.w up to 30 mV output. 
With load resistor 0·15 mV per ,,.w up to 100 mV 
Pan No. 2200154 output 

Capacitance 10 pF. 
Polarity Negative (Positive polarity to order 

or by reversing diode element). 
CONNECTORS 

Input Precision Type N Male. 
Output Typo B.N.C. Female. 

Matched pairs available suitable for 
swooper levelling. 

Internal 
DC Diode 

Return Required 

y,,} 
Yes CV2154 

No CV2155 
Yes CS9B 
Yes 
No IN26 
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Modulators, Detectors, and Mixers, continued 

Broad Band Waveguide Detectors type 6000 series and 
Mixers type 6001 series 

DETECTORS MIXERS 

Waveguide Frequency Flanges Type Type 
Size Coverage Diode Fitted No. Formerly No. Formerly 

R320(WG.22) 26·5- 40GHz IN53 Round 6000/ 1 BCD22 6001 / 1 BCM22 

R100(WG.16) 8·2- 12·4GHz CV2154 Round 6000/2 BCD16R F 6001 /2 BCM16R 
CV2155 

R100(WG.16) 8·2- 12·4GHz CV2154 Squ(!re 6000/3 BCD16SF 6001 /3 BCM1 6SF 
CV2155 

Features: V. S.W.R. better than 2 : 1 over full waveguide frequency range. 
Output capacitance less than 10 pF. 

Waveguide Detectors type 6003 series and 
Mixer5 type 6004 series 

DETECTORS MIXERS 

WG Frequency Flanges Type Type 
Size Coverage Fitted No. Formerly No. Formerly 

R140(WG.18) 12- 18GHz Square 6003/ 1 CD18 6004/ 1 CM1 8 

R100(WG.16) 8·5- 12·0 GHz Round 6003/ 2 CD16RF 6004/2 CM 16RF 

R100(WG.16) 8·5- 12·0 GHz Square 6003/3 CD16SF 6004/3 CM1 6SF 

R84 (WG.15) 7·0- 10·0 GHz Square 6003/4 CD15 6004/4 CM15 

R70 (WG.14). 5·85- 8·2 GHz Round 6003/5 CD14 6004/5 CM14 

R48 (WG.12) 3·95- 5·85 GHz Round 6003/ 6 CD12 6004/6 CM1 2 

R32 (WG.10) 2·6- 3·95 GHz Round 6003/7 CD10 6004/7 CM 10 

'X' Band Mixer type 6521 series 

Type Flanges Output WG Frequency 
No. Fitted Connector Size Coverage V.S.W.R. 

6521 / 1 Round Type BNC R1 OO(WG.16i 

6521/2 Square Type BNC R1 OO(WG.16) 9·0- 11 ·8 Better 
than 

6521 /3 Round Solder Pin R100(WG.16) GHz 3 : 1 
6521 /4 Square Solder Pin R1 OO(WG.16) 

Features: Designed specifically to accept the new Mullard sub-miniature germanium mixer 
diode type AAY39 which has an overall noise figure of 6 dB. 
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Educational Equipment 

Microwave Educational Test Bench type 6599 series (formerly 599) 

Waveguide size: 
Frequency range: 
(using oscillator supplied) 

R100 (WG1 6) 
8·5-9·5 GHz 

Microwave measurement capabilities: ATTENUATION PHASE SHIFT 

IMPEDANCE POLARISATION OF RAD IATION 
FREQUENCY HORN ANTENNAE (POLAR DIAGRAMS) 

Type No. : 6599/ 1 Round flange version 
6599/ 2 Square fl ange version 

Features : Compact stowage, extreme versatility and rapid component set-up. 

Educational Antenna Test Bench type 6452A series 

Operates in 'X' Band. 
Supplied with a w ide selection of antennae for determination of polar diagrams and relative gain. 
Complete with : Waveguide mounted Klystron 

Wav~meter. Detector (coaxial) 
Attenuators. Manual of experiments. 

Type No. 6452A/ 1 Round flange version 
6452A/ 2 Square flange version 

Feat ures : Compact stowage and rapid assembly of components 

Note: Optional Klystron Power Unit and VSWR Indicator are available with these benches and the following 
instruments are recommended: · 
VSWR Indicator Type 6596 
VSWR Indicator/ Selective Amplifier Type 6593 

Klystron Power Supply Type 6597 
Klystron Power Unit Type 6594 

Gunn diode oscillator Type 6061 with power supply 6590 can be used instead of the klystron oscillator. 
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Impedance M atching and M easuring Instruments 

Universal Slotted Line System 
rncorporaling: UNIVERSAL PROBE CARRIAGE TYPE 6010 (Formerly UPC 10-16) 

SLOTIED WAVEGUIDE SECTIONS TYPE 6011 Series (formerly WS Series) 

Universal Probe Carriage type 6010 
A precision probe carriage for use with any one of the 6011 Series Slotted Waveguide Sections. Frequency range 
2·6 to 18 GHz. 
Features: Probe penetration into waveguide slot can be set by means of a continuou sly variable coupling 

adjuster calibrated in waveguide size, with a stop at each cal ibration mark to permit rapid selection of 
coupling when interchanging w aveguide sections. Interchangeability between waveguide sections 
in less than 20 secs. 

Slotted Waveg uide Sections type 6011 series 

Performance w ith 6010 Probe Carriage 

Type No. Formerly WG. Size Flanges Frequency Residual Attenuation 
Range GHz VSWR Slope dB/ cm 

6011 / 1 WS16RF R100(WG16) Round 8·20- 12'40 1 ·003 : 1 0·0030 
6011/2 WS16SF R100(WG16) Square 8·20- 12·40 1 ·003 : 1 00030 
601 1/3 WS15 R84(WG15) Square 7·05- 10·00 1 ·003 : 1 0·0020 
6011 / 4 WS14 R70(WG14) Round 5·85- 8·20 1 ·004 : 1 0·0020 
6011 /5 WS13 R58(WG13) To order 4·90- 7·05 1 ·004 : 1 0·0015 

6011/ 6 WS12 R48 (WG12) Round 3·95- 5·85 1 ·004 : 1 0·0014 
601 1/ 7 WS11A R40(WG11 A) To order 3·30- 4·90 1 ·004 : 1 0·0012 
6011 / 8 WS10 R~2(WG10) Special 14 hole 2·60- 3·95 1 ·003 : 1 0·0010 
6011 / 9 WS11 - (WG11) To order 3·30- 4·90 1 ·004 : 1 0·0013 
6011 / 10 New R1 40(WG18) Square 12·4 -18·00 1 ·009 : 1 0·0050 

Development 
6011 / 11 - R120(WG17) - 10·0 -15·00 1 ·007 : 1 0·0040 

Features: Coupling is in the range of 20-30 dB in al l cases. 

OPTIONAL 
ACCESSORIES : Type 6002/ 1 Coaxial Detector 

Type 6002/ 6 Coaxial Detector 

ANCILLARY 
INSTRUMENTS: Type 6593 VSWR Indicator/ 

Selective Amplifier 
Type 6596 VSWR Indicator 
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6005 
series 

6007 
series 

Variable Short Circuits type 6005 series (fo rmerly sc series) 

Wavegu ide Stub Tuners type 6006 series (formerly ST series) 

Vari able Impedance type 6007 series (formerly VI series) 

Variable Tra nsformers type 6008 series (formerly vx series) 

VARIABLE SHORT CIRCUITS 
CO MMON INFORMATION TYPE 6005 SER IES 

Frequency Min. VSWR 
WG Size Range GI-fa Flanges Type No. Formerly of Plunger 

R320(WG22) 26·5 -40 Round 6005/ 1 SC22 40dB 
R140(WG18) 12·4 - 18 Square 6005/2 SC18 50dB 
R100(WG16) 8·2 - 12·4 Round 6005/ 3 SC16RF 50dB 
R100(WG16) 8·2 - 12·4 Square 6005/ 4 SC16SF 50d8 
R84(WG15) 7·0 - 10·0 Square 6005/5 SC15 50dB 
R70(WG14) 5·85- 8·2 Round 6005/6 SC14 50d B 
R48(WG12) 3·95- 5·85 Round 6005/7 SC12 50dB 
R32(WG10) 2·60- 3·95 Round 6005/ 8 SC10 50dB 

Micrometer head adjustment enabling the plunger 
FEATU RES position to be determined to w ithin 0·005cm. 

VARIABLE IMPEDANCES 
TYPE 6007 SERIES 

COM MON INFORMATION 

Frequency Probe Probe penetra -
WG Size Range GHz Flanges Type No. Formerly travel inches tion inches 

R320(WG22) 26·5 - 40 Round 6007/1 V l22 0·70 0·125 
R140(WG18) 12·4 -18 Square 6007/2 Vl 18 1 ·00 0·295 
R100(WG16) 8·2 - 12·4 Round 6007/3 Vl 16RF 2·25 0·400 
R100(WG16) 8·2 - 12·4 Square 6007/ 4 Vl16SF 2·25 0·400 
R84(WG15) 7·0 -10 ·0 Square 6007/5 Vl15 2·50 0'488 
R70(WG14) 5·85- 8·2 Round 6007/6 Vl14 3·00 0·600 
R48(WG12) 3·95- 5·85 Round 6007/7 Vl12 5·00 0·800 
R32(WG1 0) 2·60- 3·95 Round 6007/8 Vl10 7·00 1 ·220 

I FEATURES 
Adjus1able probe penetration by means of a microme1er 
assembly mounted on a sliding carriage which can be 
locked in any desired longitudinal posi1ion. 

6009 
series 

• 

6008 
series 

STUB TUNERS 
TYPE 6006 SERIES 

Type No. Formerly 

- -
- -

6006/ 1 ST16R F 
6006/ 2 ST16SF 
6006/ 3 ST15 
6006/ 4 ST14 
6006/ 5 ST12 
6006/ 6 ST10 

Tho tuning block is mounted 
ncaror ono flange so that block 
position Is changed on reversal. 

VARIABLE TRANSFORMERS 
TYPE 6008 SERIES 

(C- H Tuners) 

Type No. Formerly 

- -
- -
6008/1 VX16R F 
6008/2 VX16SF 
- -
- -
- -
- -

Standard-Knob adjuslment. Special 
Order- Micromc1er adjustment for 
accurate re-setting 

Standing Wave OP.t~ ctor, Grade 2. type 6009 series (formerly SWM series) 

Waveguide Size: R100 (WG16) Coupling of Probe: 23 dB ± 2·0 dB over 
Frequency Range : 8·2- 12·4 GHz frequency range 
Attenuation Slope: Typically 0 ·005 dB/cm Variation of Coupling: 0 ·05 dB (over length) 
Probe Discontinuity : Less than 0 ·01 voltage Mechanical re-set 

reflection coefficient accuracy: 0·01 cm 
Features: Magnifying lens allows scale readings to 0·1 mm. Phase measurements normally better than 1 %. 

Type No. 6009/ 1 Round flange version. (formerly SWM16/2/RF) 
Type No. 6009/ 2 Square flange version. (formerly SWM16/ 2/ SF) 

214 



R.F. Sources, 
Signal Generators type 6012 formerly SG478 (M.O.A. CT478) 

type 6013 formerly SG480 (M.O.A. CT480) 

6013 

FR6QUENCY 
COVERAGE 

MAXIMUM POWER 
OUTPUT 

NOMINAL LEVEL 

ATTENUATION 

ACCURACY OF 1mW 
LEVEL 

OUTPUT 
TERMINATION 50.0 

MODULATION 
Internal 

Depth 

Frequency 

Mark space ratio 

Rise and fall time of 
r.I. output pulse 

Sync output 

Pulse width at 
half amplitude 

External 

Input amplitude 
Input width 

Input Frequency 

R.F. output pulse width 

Rise time 

Delay on trigger 

TYPE 6012 

1 ·5-4·2 GHz 
in two bands: 
1 ·5- 2·2 GHz 
2·1- 4 ·2 GHz 

approx. 20 mW 

1 mW 

0 to -1 00 dBm 

:L 2·5 dB 
from 1 ·5-4·0 GHz 

Type N female 

Squarewave 

100% 

2700- 3300 Hz 

0 ·95- 1 ·05 

Less than 0·2 µsec. 

+ 5 volts 

Pulse 

TYPE 6013 

7·0- 11·5 GHz 

approx. 10 mW 

1mW 

0 to -100 dBm 

Oto + 10dBm 
over limited band 

± 2·5 dB 
from 8·0- 11 ·0 GHz 

Type N female 

Pulse 

100% 

2700-3300 Hz 

0·95-1·05 

Less than 0 ·2 µsec. 

+ 5 volts 

1 to 2 µsec. 

5 volts positive 
0 ·1 1.1.sec. minimum 
100 Hz to 250 kHz 

approx. 0·7 µsec. 

0·1 µsec. 

(a) with 1 µsec. input pulse : 
approx. 0 ·5 µsec. 

(b) with 0·1 µsec. input puls.e : 
approx. 0·3 J.1.Sec. 

Klystron Mount type 6015 series 
(formerly KM 723) 

Waveguide si~e R100 (WG.16) 

Frequency rahge 8·0-10·5GHz 

Power output Typically 6mW. 

CONNECTORS 

DIODE SUPPLIED 

Blas Negative 

Output 

Input 

R1 00 (WG.16) plain face square flange. 

Type BNC. 

Ml-SANDERS Part No. 2200016~1 

FEATURES Micrometer heaa tuning. 

Recommended power unit M.I. SANDERS 
POWER SUPPLY TYPE 6590. 

We also produce a range of solid state microwave oscillators for 
systems applications. 
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Waveguide size R100 (WG 16) 

Frequency range Approx. 8·5- 9·6GHz depending on klystron 

Output power Typically 20 to 30mW. 

Flanges Type 6015/1: Round Flange 

Features 

Type 601512: Square Flange 

Suitable for use with723A/B or 2K25 
series reflex klystrons. 



Signal Source type 6055 

FREQUENCY 

OUTPUT 

Range 

Scale accuracy 

Scale resetability 

850 to 2150 MHz 

± 1% 

0·1% 

Impedance 500 

Avalloblo power Not less than 1 OmW (typically 60 mW) into 
500 load: variable over 25d8 range by 
Internal and external control. 

AMPLITUDE 
MODULATION 

Internal 900Hz to 1 ·1 kHz square wave. 

External (P.1.N. Diode) At least 25dB suppression for - 20 volts ; 
rise time 1.,sec. (1 OdB suppression). 

SIGNAL PURITY 

Harmonic content No greater than -20dB relative 
to fundamenta l 

Residual l .m. Typically 1 ppm. 

FEATURES Solid state active elements throughout. 
Four digit mechanical counter for better 
frequency discrimination. 

UHF Signal Generator type TF 1060/ 2 

FREQUENCY 
Range 450to1200MHz {66 to 25 cm) In one band. 

Accuracy Main tuning 1%; incremental 5%. 

Stability After warm-up drift is less than~)-005% in 
1 O min. period. 

Attenuator reaction Below 1 Oµ.W: negligible 

Spurious signals Above 1 Oµ.W: less than 0·05%. 
Total harmonic content is loss than 2%. 

Signal Source type 605-8 

FREQUENCY 
Range 7·0 to 12·5 GHz 

Scale accuracy ± 1 % 

Scale resetability 0·1% 

OUTPUT 
Impedance 

Available power 

500 

Not loss than 5mW (typically 1 OmW) into 
50 O load: variable over 20dB range by 
lntornol and external control. 

AMPLITUDE 
MODULATION 

Internal 

External (P.l.N. Diode) 

900Hz to 1 ·1 kHz square wave 

At least 20dB suppression for-20 volts ; 
riso time 11.sec (1 Od8 suppression). 

SIGNAL PURITY 

Harmonic content No greater than - 20dB relative 
to fundamental. 

Residual f.m. Typically 10 ppm 

FEATURES Solid state active elements throughout. 

R.F. OUTPUT 

MODULATION 

Four digit mechanical counter for better 
frequency discrimination. 

Level continuously variable from -143dB to at 
loost -30dB relative to 1 watt. 

Typlcolly : 
(emf) From 

11 mW 1 ·5 volts 600 to BOOM Hz 
45mW 3·0 volts 800 lo 1000MHz 
31 mW 2·5 volts 1000 to 1200MHz 

Accuracy 2dB overall 

Impedance 500 : v.s.w.r. less than 1 ·5 : 1. 

Internal sine a.m. 1000Hzata depth between 10%and 40%. 

External pulse modulation Recurrence frequency ra nge: 50Hz to 

Spurious f.m. on a.m. 

Residual a.m. 

Residual f.m. 

ACCESSORIES 

Optional 
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5QkHz input requirements : po.sitive pulses o f 
not less than 30 volts across 10ko . 
Output characteristics : 

Carrier Max. Max. Min. Max. 
frequency rise delay pulse jitter 
MHz time time length nsec. 

nsec. nsec. µ.Sec. 
470- 600 200 400 1 ·O 300 
600-1000 200 400 0·5 100 

1000- 1050 100 200 0·3 60 
1050- 1200 200 400 0·5 100 

Typlcally, lor 30% a.m .. f.m. varies from 
125 kHzat450 MHz to 350 kHz at 
1200 M Hz. 

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

Tho l .m. due to hum and noise is less than 
2·5 kHz deviation. 

Output lead TM 4726/12. 



R.F. Sources, continued 

Radar Test Set type TF 890A 

Combined in one compact unit is a cavity wavemeter, thermistor power monitor, c.w. and f.m. 
klystron signal generator, spectrum analyser, complete with c.r.t. display, and a directive feed 
assembly. Frequency range 8·5 to 9·68 GHz. 

VARIABLE 
POWER MONITOR SIGNAL GENERATOR SPECTRUM ANALYSER ATTENUATOR 

and WAVEMETER 

RANGE At WG Coupling 10 Tosi Output Range at WG Pulse width range 0· 1 10 WAVEMETER 
Set. + 33dBmto - 10dBm Coupling 10 Test Set : 2·0µsec. 8,50010 9680MHz 
(i.e. 2watts10 0·1 mW) 
using Directive Feed Assy. 

t- 6dBm 10 - 54dBm 
(assuming a Klystron ou tput 

in 5M Hz Stops. 

and Flexible Coupling. of 4mW ) VARIABLE 
FORWARD : Output Range using ATTENUATOR 
I 47dBm 10 nominally Directive Feed Assy. at No1 Less than 30dB 
, 15dBm. (50waus to Forward, Flexible Coupling 1 dB divisions. 

nominally 32mW) and External Variable 
Attenuator. Nominal 

RETURN: -21dBm10 - 109dBm. 
+ 41dBm10 nominally 
t 5dBm. (12·5 watts to 

nominally 3mW) 

ACCURACY Of Thermistor Bridge and WAVEMETER 
Meler. Calibration 
r 0·5dB at9,100 MHz Accuiacy :::3MHz. 
at 1mW. VARIABLE 
1 1 ·0dB at o ther ATTENUATOR 

Frcriuencies a11 mW. Calibration accuracy 
± 1 dB at 8800and 
9400MHz ± 2dB at 
other frequencies. 

OTHER METER SCALE :0·1 to2mW Type of output l.F. Circuits : WAVEMETER 
INFORMATION 1mW a1 MID SCP.-LE (i)C.W. 1ST l.F. 40MHz Discrimination 

VSWR : Minimum Power (ii) Frequency modula ted by 2ND 1.F. 2MHz 2MHz 
required for the moasura- sawtooth waveform. overall bandwidth less VARIABLE 
montof aVSWR of 1 ·2 is Sweep duration 33·3 to than SOkHz at - 3dB and 

ATTENUATOR 
0·4watt. 100msec. less than 200kHzat - 1 OdB. 

Max. dissipation (iii) Frequency modulated by SWEEP DURATION : 2 walls. a pulse waveform which can 33·3 to 1 OOmsec. 
be synchroniscq from 300 lo 
3,000Hz. Sweep rate SENSITIVITY : 
approximately 30IVI Hz per Ac.w. signal of - 10dB 
sec. The pulse has a delay relative to 1 mW at WG 
adjustable from not greater coupling to the Te,st Set. 
than 1 µsec. to not less than 
60µsec. 

OTHER FACILITIES 
WAVEGUIDE SWITCH 
APERTURE 
A11cnuo1lon nominally 
30d8. 

FLEXIBLE COUPLING 
Attenuation Nominal 5dB ; 
actual va lue measured at 
8,800 and 9400MHz 10 

DIRECTIVE FEED 
ASSEMBLY 
Power Coupling 
Attenuation . 

an accuracy of ± 0·5dB 
marked on coupling. 
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FORWARD RETURN 
20dB 10dB 

(accuracy ± 0·75dB) 
Maximum mean power 
FORWARD RETURN 
50 watts 12·5 watts 



Power and Frequency M eters 

Microwave Power Meter type 6598 

FREQUENCY RANGE 

ACCURACY 

MEASUREMENT RANGES 

RECORDER LEVELLER 
OUTPUT 

FEATURES 

5MHz-18GHz 
Dopondcn1 on w aveguide or coaxial 
measurin g head employed. 

:J 3% absolute. 

1011W 10 1 OmW in seven swi1ch selec1cd 
ranges of:· 
1 O. 30. 100. 30011W. 
1.3 and 1 OmW l .s.d. 
{meter also scaled in dBm) 

0- 1mA. 

12 volt 1rc·chargeable) bauery operation as 
an op1ional cxira. 

WG. Thermistor Mounts type 6045 series 

Coaxia l Thermistor Mounts type 6046 series 

MAX. 
TYPE WAVEGUIDE FREQUENCY V.S.W.R. AVERAGE 

No. SIZE RANGE POWER 

6045/1 R140{WG.18) 12·4 - 18GHz 1·5 : 1 max. 30mW 

6045/3 R100{WG.16) 8·2 -12·4GHz 1·5: 1 max. 30mW 

6045/4 R70 {WG.15) 5·8S- 8·2GHz 1·5: 1 max. 30mW 

6045/5 R48 {WG.14) 3·95- 5·85GHz 1·5 c1 max. 30mW 

6045/6 R32 (WG.1 0) 2·6 - 3·95GHz 1 ·5 : 1 max. 30mW 

6046/3 Coaxial SMHz- 11 GHz ~OMw 

5MHz-25MHz 1·5 : 1 

25MHz- 7GHz 1·3 : 1 

7GHz-11 GHz 1·5 : 1 

OPERATING 
RESISTANCE 

(OHMS) 

200 

200 

200 

200 

200 

200 

4 ;\ • 

"'"·· ·"""' .-.i."···".: '" · . e. ... ··~· ( · : ... .. 

• 
14 ·-..• ·-:--· .. 

: ': ·, . 

• 

R.F. MAX. POWER 
CONNECTORS ENERGY RANGE WITH 

PER PULSE TYPE 6598 
POWER METER 

Square Ag. 1 OW· ,.sec per 

Square Fig. pulse: at PR F's 
less than 

Round Fig. 1kHL 

R()und Fig. 5W-,.sec per 1µW-1 0mW 

Round Fig. pulse at PR F's 
greater than 
1kHz. 

Type 'N ' 

Male 

Stainless 

Steel 

MOUNT CALIBRATION : Calibration factor end eUiciency are traceable to NBS Standards at the frequencies w here power standards exist. 
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Power and Frequency Meters, continued 

r I 

' 6049/ 1 with accessories 

Frequency Meter type 6049/ 1 

FREQUENCY 

Range 2·6 to B·2GHz. 

Overall accuracy ± 0 ·1% 

Calibration increments SMHzbetween2·6and5·0GHz. 
1 OM Hz betw een 5·0and 8·2GHz. 

INPUT CONDITIONS 

RESPONSE 

VSWR Passing coaxial attachment (Pan No. 
2523009) : Less than 1 ·5 : 1 
(relativoto son). 

All waveguide attachments less than 1 : 1. 

0-factor Typically 1000. 

Dip at resonance Passing coaxial attachment : 

ACCESSORIES 

Supplied 

Optional 

greater than 0 ·5dB. 
All waveguide attachments : 

greater than 1 ·0dB. 

Pan No. Description 

2523009 Passing coaxial attachment 
complete with two female 
Type 'N' connectors. 

2523048 Stand for coaxial attachment. 

2523015 Auxiliary outlet with Type 'N' 
female connector. 

2523041 Cover plate. 

2523008 Waveguide attachment R70 
(WG14) 

2523006 Waveguide attachment R48 
(WG1 2) 

2523007 Waveguide attachment R40 
(WG11A) 

2523005 Waveguide attachment R32 
(WG10) 

2523011 Crystal Detector with BNC 
connector. 

Frequency Meter type 6049/ 2 

.FREQUENCY 

Range 5·3-1 B·O GHz. 

Overall accuracy ± 0·1% 

Calibration increments 20 MHz between 5·3 and 6·0 GHz. 
10 MHz between 6·0and 18·0 GHz. 

INPUT CONDITIONS 

RESPONSE 

VSWR Passing coaxial attachment (Pan 
No. 2524009) : 
Less than 2·0 : 1 (relative to 50n . 
All wavegu ide attachments 1·1 : 1. 

0-factor Typica lly 1000. 

Dip ~tresonance Passing coaxial attachn1ent : greater than 
1·0dB. 

ACCESSORIES 
Supplied 

Optional 

All waveguide auachments: greater than 
1·0dB. 

Part No. Description 
2524009 Passing coaxial attachment 

complete with 2 female type N 
connectors. 

2524047 Stand for coaxial attachment. 
2524030 Auxiliary outlet with type N 

female connector. 
2524048 Cover plate. 

2524008 Passing coaxia l auachment 
complete with 2 fema le O.S.M . 
connectors. 

2524013 Waveguide attachment R140 
(WG18) 

2524010 Waveguide attachment R 120 
(WG 17) 

2524012 Waveguide attachment Rl 00 
(WG16) 

2524011 Waveguide attachment R70 
(WG1 4) 

2524014 Crystal detector w ith BNC 
connector. 

Features : A precision frequency meter that may be used either w ith its standard passing coaxial attachment, and associated removable 
stand as an absorption or transmission wavemeter or alternatively, coupled direct ly into w aveguide systems from R140 
(WG18) to R32 (WG10) using any one of the w aveguide attachments available. 
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Wavemeters Grade 1 type 6016 series (formerly WM series) 

Grade 2 type 6017 series (formerly WM series) 

TYPE No. FORMERLY WG. SIZE 

6016/ 1 WM22/1 R320(WG.22) 

6016/2 WM18/1 R140(WG18) 

6016/ 3 WM16/ 1RF R100(WG.16) 

6016/4 WM16/1 SF R100(WG.16) 

6017 / 1 WM16/ 2RF R100(WG.16) 

6017 / 2 WM16/ 2SF R100(WG.16) 

6017 /5 WM12/2 R48 (WG.12) 

Frequency Meter type 6050/ 3 

FREQUENCY 
Range 1 to 2GHz. 

Overall Accuracy ± 0·2%. 

Calibration increments 1 OM Hz. 

INPUT CONDITIONS 

Normal impedance 

VSWR 

Connectors 

RESPONSE 

son 
Less than 1·5:1. 

TYPE N (wavemoter). 

BNC (External meter). 

FREQUENCY 
COVERAGE 

GHz 

26·5 -40·0 

11·7 - 18·0 
14·8 -18·0 

8·2 - 11 ·0 

10·0 -12·4 

8·2 -12·4 

3·95- 5·85 

Sensitivity Less than 4mW f.s.d. : 0·4mW per division. 

Dip· at resonance 3 dB 

NOTE This instrument is a development of tho woll 
known Marcon i Instruments Portable 
Frequency Meter TF.1026/3 which it 
supersedes. 

Frequency Meter type 6051 

FREQUENCY 
Range 8·2 to 12·4GHz 

Overall Accuracy ± 0·2%. 

Calibration Increments 1 OM Hz 

INPUT CONDITIONS 

VSWR H : 1. 

Connectors SQUARE FLANGES R100 (WG16) 

RESPONSE 
Q-factor Typically 1000. 

Dip at Resonance Greater than 10% ofincident power. 
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MODE USED 

TE111 

TE111 
TE112 

TE011 

TE012 

TE011 

TE011 

FLANGES 
RESOLUTION FITIED 

10MHzat40GHz ROUND 
3MHzat26·5GHz 

2·1MHzat18GHz SQUARE 
0·15MHz at 11 ·7GHz 

0·5M Hz at 12·4G Hz ROUND 

0·08MHz at 8·2GHz SQUARE 

2·1MHzat12·4GHz RO UNO 

1 ·0M Hz at 8·2G Hz SQUARE 

0·75MHzat 5·85GHz ROUND 
0·5MHzat3·95GHz 

~· ·,._ .. 



Attenuators and Phase Shifters 

n 

6019 series 6021 series 

Waveguide Attenuators type 6018 6019 6020 and 6021 seri es (formerly CA SA and VA seres) , , , , I 

Maximum 
Frequency Range Waveguide Flanges Input Insertion Dissipation of Attenuating 

GHz Size Fitted VSWR Loss Element Element 
dB (W) 

1·075 : 1 0·3 0·2 40dB Metallised 
26·5-40 R320(WG.22) ROUND Glass 

1 ·1 : 1 0·3 - 20dB Glass Fibre 

1 ·075 : 1 0·2 0·5 40dB Metallised 

12·4-18·0 R140(WG.18) SQUARE Glass 

1 ·1 : 1 0·2 - 20dB Glass Fibre 

12·4-18·5 1 ·075 : 1 0·2 0·475 20dB Glass Fibre 

ROUND 40dB Metallised 
SQUARE 1 ·075 : 1 0·1 1 ·0 Glass 

8·2-10·5 R100(WG.16) 
ROUND 20dB .Glass Fibre 
SQUARE 

ROUND 1 ·1 : 1 0·15 1·0 20dB Glass Fibre 
I 

8·2- 12·4 R1 OO(WG.16) SQUARE 

7·05-1 O·O 40dB Metallised 

I R84(WG.15) SQUARE 1 ·075 : 1 0·1 1 ·0 Glass 
7·05- 9·5 

5·85- 8·2 
R70(WG.14) 1 ·075 : 1 0·1 

40dB Metallised 
1 ·0 Glass 

5·85- 7·5 

3·95- 5·85 R48(WG.12) ROUND 1 ·075 : 1 0·1 2·0 
40dB Metallised I Glass 

2·6 - 3·6 2·5 40dB 'Metallised 
R32(WG.10) ROUND 1·075 : 1 0·1 Glass 

2·6 - 3·95 - 20dB Metallised 
Glass 

I 
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6018 
series 

CALIBRATED VARIABLE 
GRADE 1 TYPE 6018 SERIES 

TYPE No. FORMERLY 
RESET 

ACCURACY 

6018/1 CA22/1 0·05dB 

- - -
6018/ 2 CA18/ 1 0·08dB 

- - -
- - -

6018/3 CA16/1 RF 0·4dB 
6018/4 CA16/1SF 0·4dB 

- - -
- - -
- -
- - -

- - -
6018/ 5 CA15/ 1 0·03dB 

- - -
6018/6 CA14/1 0·03dB 

6018/7 CA12/1 0·03dB 

6018/8 CA10/1 0·01 dB 

- - -

CALIBRATED VARIABLE 
GRADE 2 TYPE 6019 SERIES 

TYPE No. FORMERLY 
RESET 

ACCURACY 

6019/1 CA22/2 0·07dB 

- - -

6019/ 2 CA18/ 2 0·06dB 

- - -
- - -

6019/3 CA16/2RF 0·07dB 
6019/4 CA16/2SF 0·07dB 

- - -
- - -

- - -
- - -
- - -

6019/ 5 CAf5/2 0·05dB 

- - -

6019/6 CA14/2 0·05dB 

6019/7 CA12/2 0·05dB 

6019/8 CA10/2 0·02dB 

- - -
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PRE-SET SET-LEVEL 
TYPE 6021 SERIES TYPE 6020 SERIES 

TYPE No. FORMERLY TYPE No. FORMERLY 

- - - -

- - 6020/1 VA22 

- - - -
- - 6020/2 VA18 

6021 / 1 SA18 - -
6021/4 SA16/RF/40 - -
6021/5 SA1 .6/SF/40 - -
6021/2 SA16/RF/20 - -
6021/3 SA16/SF/20 - -

- - 6020/3' VA16/ RF 
- - 6020/4 VA16/ SF 

6021/ 6 SA15 - -
- - - -

6021/7 SA14 - -

- - - -

6021/8 SA12 - -

- - - -
- - 6020/ 5 VA10 



Attenuators and Phase Shifters, continued 
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Precision Rotary Vane Attenuato rs type 6052 series 

ATTENUATION 

TYPE WG Frequency Power Maximum Insertion Phase Temp. 
No. Size Range (GHz) Rating V.S.W.R. Loss (dB) Shift Range Range Accuracy 

R140 
6052/ 2 WG.18 12·4-18·0 5W 0-10dB:0·1dB 

R100 
10-40dB: 1% 

6052/3 WG.16 8·2- 12·4 10W 1 ·15 : 1 0·75 max. 2° max. 0°-50°c . 0-60dB 
40-50dB: 2% 

R70 50-60dB: 3% 
6052/ 5 WG.14 5·85- 8·2 10W 

Features : Small overall size and low weight achieved by addition of new features to the conventional rotary attenuator design, 
such as the use of Tchebysheff quarter wavelength stepped transition and improved simplified drive system which 
increases accuracy. (This is typified by the very clear read-out system). 

Phase Shifters type 6022 series (formerly PS series) 

Type Frequency WG. Minimum Total 
No. Formerly Range GHz Size Flanges Phase Shift V.S.W.R. 

6022/ 1 PS22 26·5-40 R320(WG.22) ROUND 

6022/2 PS18 12·4-18·0 R140(WG.18) SQUARE 

6022/3 PS16/RF 8·2~12·4 R1 OO(WG.16) ROUND 

6022/ 4 PS16/ SF 8·2-12·4 R1 OO(WG.16) SQUARE 180° less than 

6022/ 5 PS15 7·0-10·0 R84 (WG.15) SQUARE 1 ·2 : 1 

6022/6 PS14 5·85- 8·2 R70 (WG.14) ROUND 

6022/7 PS12 3·95- 5·85 R48 (WG.12) ROUND 

6022/ 8 PS10 2·6 - 3·95 R32 (WG10) ROUND 

Features : The position of the vane is controlled by a micrometer, and calibration is provided at intervals of 36° (one tenth of a 
guide wavelength) up to 180°. 
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Power Supply Units 
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Klystron Power Supply type 6597 

Provides drive voltages and modulation for klystron 
oscillators .requiring a beam supply of 300 volts at up to 
30 mA-in particular the 723 A/ B and 2K25. Reflector 
voltage is variable 0 to 300 volts negative with respect 
to cathode, and square-wave modulation is provided 
at 1 kHz. Suitable for use with both educational test 
benches types 6599 and 6452A. 

KLYSTRON CATHOOE 
SUPPLY 

Voltage 295volts±15 volts negative with respect to 
resonator (earth)- not adjustable. 

Maximum current 30 mA. 

Source impedance less than 2000 . 

Ripple less than 5 mV r.m.s. 

KLYSTRON REFLECTOR 
SUPPLY 

Voltage Adjustable from Oto 300 volts 
negative with respect to cathode. 

Minimum d.c. source 
Impedance 200k O. 

Ripple Less than 5 mV r.m.s. 

KLYSTRON HEATER SUPPLY 

Voltage 6·3 volts a.c. 

Maximum currant 1 emp.r.m.s. 

INTERNAL MODULATION 

C11hode waveform Positive going squarewave. 
Approximately 150 volts amplitude. 

Frequency Adjustable between 850and1150 Hz. 

Duty ratio 0·95 : 1 to 1 ·05 : 1. 

EXTERNAL MODULATION 

Reflector wa.veform Sawtooth or sinewave. 

Maximum input 300 volts peak-to -peak. 

Frequency range Sawtooth: 25 to 1500Hz. 
Slnewave: 1 5 to 5000Hz. 

Input impedance 200 k o in parellel with 60pF. 
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Gunn Diode Power Supply type 6590 

Specially designed for use with the M.L Sanders 
Gunn Diode Oscillator type 6061. The power unit de
livers a maximum of 250 mA and the output voltage 
is variable up to 25 volts. Internal squarewave modula
tion can be applied at 1 kHz nominal repetition 
frequency. 

OUTPUT 

Voltage 3 to 15 volts d.c. 

Current Up to 250mA. 

Ripple Less than 1 mV p·p. 

Stability 1 OmV maK. drift for ± 10% supply voltage 
variation. 

MODULATION 
(Squ1rewa1111 on/off) 

Frequency 1 kHz ± 20%. 

Amplitude 100%. 

Rise end fell Less than 5,.sec. 

MONITOR 

Voltage 0 to 25 volts ( d.c. or peak squarewava). 

Current Oto 250 mA (d.c. or squarewave average). 



Power Supply Units, continued 
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Klystron Power Supply type 6454 

Primarily designed for use with Microwave Oscillators types 6455 and 6456, this unit can also be used with any 
klystron requiring a resonator voltage between 250 and 400 volts and a reflector voltage from - 10 to -500 volts. 
The unit has provision for internal and external modulation of the reflector voltage-d.c. restored for squarewave 
a.m. and simple a.c. coupled for f.m. 

TYPE6454. Heater output 
unstabilised d.c. 

KLYSTRON CATHODE 
SUPPLY .. 

Voltage Adjustable lrom 250 volts to 400 volts 
negative with respect to earth. 

Regulation 0·05% f.or ~' 7 ·5%mains variation. 

load current 50 mA. 

Int. impedance 

Ripple 

less than 3 n . 

Less than 1 mV r.m.s. 

Metering Voltage 0 to 500 volts ± 2%. 
Current 0 to 50 mA ± 5%. 

KLYSTRON REFLECTOR 
SUPPLY 

Voltage Adjustable lrom 10 volts to 500 volts 
negative with respect to cathode. 

Regulation 0·03% for ± 7 ·5% mains variation. 

Int. impedance 25 kO in c.w. 330 kO when modulated. 

KLYSTRON HEATER 
SUPPLY 

Ripple Less than 5mV r.m.s. 

Metering. Voltage only 0 to 500volts ± 2%. 

Voltage Adjustable from zero to 1 O volts d.c. 
f loating unregulated. Stabilised d.c. supply 
optiona l. 

Load current 1 ·5 amps max 

Int. impedance Approximately 500 . 

Ripple Typically 30mV r.m.s. 

Metering Voltage only 0 to 15 volts ± 2%. 

INTERNAL MODULATION 
(APPLIED TO REFLECTOR) 

Reflector Waveform Squarewave. 

Amplitude modulation Amplitude 5 to 200 volts d.c. restored. 

Frequency Adjusta blc between 900 and 4000 Hz. 

Reflector Waveform Sawtooth at 1 kHz. 

Frequency modulation Adjustable between 5 to t 80 volts a.c. 
coupled. 

EXTERNAL MODULATION 
(APPLIED TO REFLECTOR) 

Amplitude modulation D.C. restoration at reflector. 

Frequency modulation A.C. coupled to reflector without d.c. 
restora tion. 

CONNECTORS 

Mains input Cannon WK-3-31 SL mates with socket 
WK·3·21 C h'r. 

Output socket Cannon WK-5-31 SL mates with plug 
WK·5·22C-i. 

Modulation input B.N.C. 

ACCESSORIES 

Supplied 2200157 Mains lead 1 ·7 m. (72 .. ) long. 
2200158 Inter-connecting cable 1 ·2 m. 
(48 .. ) long. Complete with Connection
Cannon: W K-5-21 C· i socket 
WK-5-22C-i plug. 

Optional 2200161 Modulation input cable 1 ·2 m. 
(48" ) long .B.N.C. at one end. 

TYPE 6454/1 AS ABOVE, except for heater output stabil ised d.c. at extra cost. 
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Components and Accessories 

Waveguide : 'E' Plane Junctions type 6023 series 
'H' Pla ne Junctions type 6024 series 
'E' Plane Bends type 6025 series 
'H' Plane Bends type 6026 series 
Twists type 6027 series 

(formerly EJ series) 

(formerly HJ series) 

(formerly EB series) 

(formerly HB series) 

(formerly T series) 

. E-PLANE JUNCT. H-PLANE JUNcf. E-PLANE BENDS H-PLANE BENDS 

Frequoncy Waveguide Flanges Type Formerly Type Formerly Type Formerly Type Formerly 
Range GHz Size Fitted No. No. No. No. 

26·5 -40·0 R320(WG.22) ROUND - - - - 6025/1 EB22 6026/1 HB22 

12·4 - 18·0 R140(WG.18) SQUARE 6023/1 EJ1 8 6024/1 HJ18 6025/2 E818 6026/ 2 H818 

8·2 -12·4 R100(WG.16) ROUND 6023/2 EJ1 6/RF 6024/2 HJ16/RF 6025/3 EB1 6/RF 6026/3 HB16/RF 

a.2 -12·4 R100(WG.1 6) SQUARE 6023/3 EJ16/ SF 6024/3 HJ16/ SF 6025/4 EB16/SF 6026/4 HB16/SF 

7·5 -1 O·O R84(WG.15) SQUARE 6023/ 4 EJ15 6024/4 HJ15 - - - -
7·05-10·0 R84(WG.15) SQUARE - - - - 6025/5 EB15 6026/5 HB15 

5·35- 8·2 R70(WG.1 4) ROUND - - - - - - - -
5·85- 8·2 R70(WG.14) ROUND 6023/6 EJ·14 6024/5 HJ14 6026/6 EB14 6026/6 HB14 

3·95- 5·85 R48(WG.12) ROUND 6023/6 EJ12 6024/6 HJ12 6025/7 EB12 602617 HB12 

2·65- 3·95 R32(WG.10) ROUND 6023/7 EJ10 6024/7 HJ10 6025/8 EB10 6026/8 HB10 

226 

TWISTS 

Type Formerly VSWR 
No. 

- - -

6027/1 T1 8 1·05 :1 

6027/2 T1 6/RF 1·05:1 

6027/3 T1 6/SF 1·05: 1 

6027/ 4 T15 1·05 :1 

- - -
6027/ 5 T14 1·05 : 1 

- - -

6027/6 T12 1·05: 1 

6027/7 T10 1·05 : 1 



Components and Accessories, continued 

Directional Coup lers 

Frequency Waveguide Nominal 
Range GHz Size Coupling 

dB 

26·5 -40·0 R320(WG.22) 3 
10 
20 

12·4 - 18·0 R140(WG.18) 3 
10 
20 

8·5 - 9·5 Rl OO(WG.16) 3 
3 

8·2 - 124 R 1 OO(WG.16) 3 
3 

RlOO(WG.16) 10 
10 

8·6 - 10·2 R100(WG.16) 10 
R100(WG.1 6) 10 

8·5 -10·5 R100(WG.16) 20 
20 

8·6 -10·2 Rl OO(WG.16) 20 
R100(WG.16.) 20 

8·2 -1 2·4 R100(WG.16) 20 
R100(WG.16) 20 

8·5 - 11 ·0 R100(WG.16) 30 
30 

8·5 - 11 ·0 R100(WG.16) 40 
R100(WG.16) 40 

7·05- 10·0 R84 (WG.16) 3 
R84 (WG.1 6) 10 

7·6 - 9·4 R84 (WG.15) 10 

7·5 - 9·5 R84 (WG.15) 20 

7·05- 10·0 R84 (WG.15) 20 

7·5 - 9·5 R84 (WG.15) 30 

5·85- 8·2 R70 (WG.14) 3 
R70 (WG.14) 10 

5·8S- 7·5 R70 (WG.14) 10 

5·8S- 8·2 R70 (WG.14) 20 

5·85- 7·6 R70 (WG.14) 20 
R70 (WG.14) 30 

3·9S- 5·85 R48 (WG.12) 3 
R48 (WG.12) 10 

4·35- 5·3 R48 (WG.12) 10 

3·95- 5·3 R48 (WG.12) 20 

3·95- 5·85 R48 (WG.12) 20 

3·95- 5·3 R48 (WG.12) 30 

2·8 - 3·6 R32 (WG.10) 20 

2·6 - 3·95 R32 (WG.10) 30 

type 6028 series (formerly FS series) 

type 6029 series (formerly DC series) 

type 6030 series (formerly MH series) 

MULTI-SLOT CRUCIFORM 
TYPE 6028 SERIES TYPE 6029 SERIES 

DIRECTIVITY : 25dB DIRECTIVITY : 22dB 

Flanges Type Type 
Fitted No. Formerly V.S.W.R. No. Formerly V.S.W.R. 

ROUND - - - - - -
ROUND - - - - - -
ROUND - - - - - -
SQUARE - - - - - -
SQUARE - - - - - -
SQUARE - - - - - -

ROUND 6028/1 FS1 6/ 3RF 1·1 : 1 - - -
SQUARE 6028/ 2 FS16/ 3SF 1·1 : 1 - - -
ROUND - - - - - -
SQUARE - - - - - -
ROUND - - - - - -
SQUARE - - - - - -
ROUND 6028/3 FS16/10RF 1 ·1 : 1 - - -
SQUARE 6028/ 4 FS16/ 10SF 1·1 : 1 - - -

ROUND - - - 6029/1 DC16/20 < 1·05:1 
SQUARE - - - 6029/2 DC16/20 < 1·05 :1 

ROUND 6028/ 5 FS16/ 20 1·05 : 1 - - -
SQUARE 6028/6 FS16/20 1:05 : 1 - - -

ROUND - - - - - -
SQUARE - - - - - -
ROUND - - - 6029/3 DC16/30 < 1 ·05 :1 
SQUARE - - - 6029/4 DC1 6/ 30 < 1·05:1 

ROUND - - - 6029/ 5 DC16/ 40 < 1; 05 :1 
SQUARE - - - 6029/6 DCl 6/40 < 1·05 :1 

SQUARE - - - - - -
SQUARE - - - - - -
SQUARE 6028/7 FS15/1 0 1·05 : 1 - - -
SQUARE - - - 6029/7 DC15/ 20 < 1·05 :1 

SQUARE - - - - - -
SQUARE - - - 6029/8 DC15/30 < 1·05 :1 

ROUND - - - - - -
ROUND - - - - - -

ROUND 6028/ B FS14/1 0 1 ·05 : 1 - - -

ROUND - - - - - -

ROUND - - - 6029/ 9 DC1 4/ 20 < 1·05 :1 
ROUND - - - 6029/10 DC14/30 < 1·05 :1 

ROUND - - - - - -
ROUND - - - - - -
ROUND 6028/ 9 FS12/10 1·05 : 1 - - -
ROUND - - - 6029/11 DC12/20 < 1 ·0!':1 

ROUND - - - - - -

ROUND - - - 6029/12 DC1 2/80 -:: 1·05 :1 

ROUND - - - 6029/ 13 DC10/30 < 1·05:1 

ROUND - - - 6029/14 DC10/30 < 1·05:1 
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MULTI -HOLE TYPE 6030 SERIES 
DIRECTIVITY : 40dB except for 6030/1, 2 & 3 

(35dB) 

Type V.S.W.R. 
No. Formerly Main Side 

Line Arm 

6030/1 MH3/ 22/ 3 1 ·1 : 1 1·1 :1 
6030/ 2 MH3/22/ 10 1·1 : 1 1·2 : 1 
6030/ 3 MH3/22/20 1 ·1 : 1 1·2:1 

6030/4 MH3/ 18/ 3 1 ·1 : 1 1 ·1 : 1 
6030/5 MH3/1 8/ 10 1 ·06 : 1 1·1 :1 
6030/ 6 MH3/18/20 1·06 : 1 1·1 :1 

- - - -
- - - -

6o3on MH3/16/3RF 1 ·1 : 1 1·1 :1 
6030/8 MH3/ 16/ 3SF 1 ·1 : 1 1 ·1 : 1 
6030/9 M H3/1 6/ 1 OR'F 1·04 : 1 1-1 : 1 
6030/10 MH3/16/1 OSF 1·04 : 1 1-1 : 1 

- - - -
- - - -

- - - -
- - - -

- - - -
- - - -

6030/11 MH3/16/20 1·04 : 1 1 ·1 : 1 
6030/l2 MH3/ 16/ 20 1 ·04 : 1 1 ·1 : 1 

- - - -
- - - -

- - - -
- - - -

6030/13 MH3/15/ 3 1 ·1 : 1 1·1 : 1 
6030/14 MH3/15/10 1·04 : 1 1 ·1 : 1 

- - - -
- - - -

6030/15 MH3/15/20 1·04 : 1 1 ·1 : 1 

- - - -

6030/1 6 MH3/14/3 1 ·1 : 1 1 ·1 : 1 
6030/17 MH3/14/10 1·04 : 1 1 ·1 : 1 

- - - -

6030/18 MH3/14/20 1·04 : 1 1 ·1 : 1 

- - - -
- - - -

6030/19 MH3/12/3 1-1 : 1 1·1:1 
6030/ 20 MH3/12/10 1·04 : 1 1·1:1 

- - - -

- - - -

6030/21 M H3/12/20 1·04 : 1 1·1 :1 

- - - -

- - - -
- - - -



_____ .. 

Waveguide Termin ations: High Power type 6031 series (formerly HPT series) 

Short Matched type 6032 series ( formerly MTS series) 

TYPE 6031 SERIES TYPE 6032 SERIES 

Mean Peak 
Frequency Waveguide Power Type Power Type 

Range GHz Size Flanges V.S.W.R. Handling No. Formerly kW No. Formerly 
w 

12·4- 18·0 R140(WG.18) SQUARE 1 ·01 : 1 2 - - - 6032/ 1 MTS18 

8·2-12·4 R1 OO(WG.1 6) SQUAR E 1 ·01 : 1 2 - - - 6032/2 MTS16/S F 

ROUND 1 ·01 : 1 2 - - - {6032/ 3 MTS16/RF 
6032/8 MTS16/ RF 

ROUND 1 ·1 : 1 300 6031 / 1 HPT16/ RF 300 - -
SQUARE 1 ·1 : 1 300 6031 / 2 HPT16/ SF 300 - -

7·5 -10·0 R84 (WG.15) SQUARE 1 ·1 : 1 300 6031/3 HPT15 300 - -
7·0 -1 0·0 R84 (WG.15) SQUARE 1 ·01 : 1 3 - - - 6032/ 4 MTS15 

5·8 - 8·2 R70 (WG.14) ROUND 1 ·01 : 1 10 - - - 6032/5 MTS14 

3·95- 5·85 R48 (WG.12) ROUND 1 ·01 : 1 10 - - - 6032/6 MTS1 2 

2·6 - 3·95 R32 (WG.10) ROUND 1 ·01 : 1 10 - - - 6032/7 MTS1 0 
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Components and Accessories, continued 

Broad Band Isolators type 6033 series (formerly TB! series) 

Medium Power Ferrite Isolators type 6034 series (formerly F series) 

TYPE 6033 SERIES TYPE 6034 SERIES 
V.S.W.R. 1 ·25 : 1 V.S.W.R. 1 ·15 : 1 

Frequency Average Insertion 
Range Waveguide Flanges Power Isolation Loss Type Type 
GHz Size Fitted (Watts) (Minimum) (Maximum) No. Formerly No. Formerly 

1"2 ·4 - 18·0 R140(WG.18) SQUARE 10 30dB 1 ·5dB 6033/1 TBl18/30 - -

ROUND 15 30dB 1 ·3dB 6033/2 TB 116/30/RF - -
8·2 - 12·4 R100(WG.16) 

SQUARE 15 30dB 1 ·3dB 6033/3 TBl16/30/SF - -

ROUND 100 20dB 0·8dB - - 6034/1 F16/20 
8·6 - 9·6 R1 OO(WG.16) 

SQUARE 25 20d B 0·8dB - - 6034/2 MF16/20· 

5·85- 8·2 R70 (WG.14) ROUND 20 30ciB f·3dB 6033/4 TBl14/30 - -
3·95 - 5·85 R48 (WG.12) ROUND 20 25dB 1·5dB 6033/5 TBl12/25 - -

2·6 - 3·95 R32 (WG.10) ROUND 25 20dB 1 ·5dB 6033/6 TBl10/20 - -

Coaxial-to-Waveguide Transformers type 6037 series (formerly x series) 

FREQUENCY WAVEGUIDE TYPE FLANGE COAXIAL 
RANGE GHz SIZE No. FORMERLY FITTED CONNECTOR 

12·0 - 18·0 R140(WG.18) 6037 /1 X18/C SQUARE 

6037/2 X16/C/RF ROUND 

8·5 - 12·0 R100(WG.16) 
6037/3 X16/C/SF SQUARE 

Type 
7·0 - 10·0 R84 (WG.15) 6037/4 X15/C SQUARE N 

Female 

5·85 - 8·2 R70 (WG.14) 6037/5 X14/C ROUND 

3·95- 5·85 R48 (WG.12) 6037/6 X12/C ROUND 

2·6 - 3·95 R32 (WG.10) 6037/7 X10/C ROUND 
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Wave guide Horns type 6036 series (fo;merly WH series) 

TYPE WAVEGUIDE FLANGE DESIGN GAIN 
No. FORM ER LY SIZE FITIED FREQ. GHz dB 

6036/1 WH22/25 R320(WG.22) Round 35·3 24·7 

6036/2 WH18/25 R1 40(WG.18) Square 16·0 24·7 

6036/3 WH16/17/RF R100(WG.16) Round 9·375 17·2 

6036/4 WH16/17 /SF R100(WG.16) Square 9·375 17·2 

6036/5 WH16/22/RF R100 (WG16) Round 9·375 22·0 

6036/6 WH16/22/SF R100 (WG16) Square 9·375 22·0 

6036/7 WH15/18 R84 (WG.15) Square 7·6 18·0 

6036/8 WH14/22 R70 (WG .14) Round 6·3 22·0 

6036/9 WH14/18 R70 (WG.14) Round 6·3 22·0 

6036/10 WH12/18 R48 (WG.12) Round 4·5 18·0 

6036/11 WH10/18 R32 (WG.10) Round 3·0 18·0 

6036/12 WH10/1 4 R32 (WG.10) Round 3·3 13·7 

6036/13 WH6/15 R14 (WG.6) To order 1 ·3 15·5 

Taper Transformers type 6038 series (formerly XT series) 

TY PE No. 6038/1 Formerly XT1 5/ 16. 

Transition from waveguide R84 to R100 (WG.15 to WG.16). 

V.S.W.R.: Better than 1 ·04 : 1 over frequency band 8·5-1 O·OG Hz w hen fitted with 
plain flanges. 

FLANG ES FITIED: To customer's order. 
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Components and Accessories, continued 

,. -

Waveguide Support Benches type 6039 series 

TYPE No. LENGTH FEATURES AND COMPOSITION 

6039/1 1 ft 
Each bench consists of: 
2 end plates 

6039/2 2 ft 2 stainless steel rails 
Individual benches can be quickly interlocked to form 
desired length by using special clips, supplied separately 

6039/3 3 ft. 

Carriage type 6040 
FOR USE WITH 6039 SERIES BENCHES 

The Carriage will traverse the length of the bench and may be locked in any desired position. 
The vertical support position is automatically locked when the support rod is raised to the desired 
height, release is obtained by actuating a simple lever. The support rod can be rotated about its 
vertical axis and be fitted with any of the Type 6042 clips or Type 6043 table. 

Free Standing Support type 6041 
A specially designed base cast ing permits close proximity support. This casting houses the 
same mechanism as the type 6040 carriage and can be fitted with Type 6042 series clips and 
Type 6043 table. 

Support Clips type 6042 series for use with type 6040 
and 6041 Supports 

TYPE WAVEGUIDE 
No. SIZE 

6042/1 R320 WG.22 
6042/2 R140 WG.18 
6042/3 R100 WG.16 
6042/4 R84 WG.15 
6042/5 R70 WG.14 
6042/6 R48 WG .1 2 
6042/7 R32 WG.10 

Instrument Table type 6043 for use with type 6040 and 
type 6041 Supports 
Suitable for supporting the larger microwave instruments. 
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Square-to-Round Flange Adapter 
type 6478 

A unique device designed for coupling together waveguide 16 
instruments carrying dissimilar flanges. The Adapter is suitable 
for either plain or choke flanges with clearance holes (en
quiries for tapped hole application in reasonable quantities w il l 
be considered) and offers no greater loss in performance than 
the normal coupling arrangements between compatible flanges 
Material : Brass, nickel plated. 

Square-to -Square Flange Rapid Co upler 
type 6478/ 1 

Designed for coupling together X Band instruments or com
ponents having square flanges with 0·169" clearance holes. 
Enquiries are also invited for other clearance or tapped hole 
sizes when reasonable quantities are involved. 
M aterial: Brass, nickel plated. 

TYPE 
No. 

6044/1 

6044/2 

6044/3 

6044/4 

6044/5 

6044/6 

6044/7 

6044/8 

type 6044/3 

Quick-Release Clamps type 6044 series 
(formerly QRC series) 

WAVEGUIDE 
FORMERLY SIZE REMARKS 

QR C16/H R100(WG.16) 'H' Plane Clamp 

QRC16/ R100(WG.16) Short Handle 
HSH Version of 6044/ 1 

QR C16E/H R100(WG.16) E/H plane Clamp 

QRC16E/H R1 OO(WG.16) Short Handle 
SH Version of 6044/ 3 

QRC15/H R84 (WG.15) 'H' Plane Bend 

QRC10 R32 (WG.10) -
6801 0 Double Ridge -

or WG .14 

64050 Double Ridge Short Handle 
or WG.14 Version of 6044/7 

Waveguide Switches 6352, 6353, 6442, 6453 and 6473 
W.G. FREQUENCY SWITCH SWITCH 

IDENTITY SIZE RANGE OPERATION TIME V.S.W.R. ISOLATION SPECIAL FEATURES 

Type 6352 R100 
4 port (16) 8·2-12·4GHz Manual - 1 ·05 :1 80dB 
single pole 
3-way 
E plane 

Type 6353 
4 port 
2 pole R100 8·2-12·4GHz Manual - 1·05•1 80d 8 Manual version 
changeover (16) of TYPE 6453 
E plane 

Zero held current, low 
operate current. pair 

Type 6442 R100 Power of changeover switches 
3 port (16) 8·2 -12·4GHz 28 volts 100 msec 1·10 :1 35d8 included for ext. equip-
E plane ment. Smooth motion. 

External indicatorfacility. 

Type 6453 R100 Power Different rotary sole-
4 port (16) 8·2 -12·4GHz 24 volts 200 msec. 1 ·05 :1 SOdB no ids may be employed 
E plane to give alternative 

switching time and other 
operating voltages. 

Type 6473 R140 Power Duty cycle limited to 3 
3 port (18) 12·4-18·0GHz 24 volts 30 msec. 1·10 :1 40dB secs. in 15 secs. unless 
E plane transistor drive circuit 

(our design) is used. 

Enquiries for manual or power operated switches in the waveguide range R320 (WG.22) to R32 (WG.1 0) are w elcomed. 
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Components and Accessories, continued 

Waveguide Flanges 

WE MANUFACTURE ALL TYPES OF FLANGES INCLUDIN G THE FOLLOWING WHI CH ARE STOCK ITEMS 

TYPE NUMBER DESCRIPTION W.G. SIZE 

5985-99-083- 0002 Locating ring R100 
5985-.99-083- 0003 Choke round flange R100 
5985-99-083-0004 Plain round flange R100 
5985-99-083-0005 Nut ring R100 
5985-99-083-0052 8/32" Plain square flange R100 
5985-99-083-0051 8/32" Choke square flange R100 
5985- 99-083-0051 4BA Choke square flange R100 
5985-99- 011 - 0891 Choke aluminium flange R100 
5985-99-011-0148 Plain aluminium flange R100 
UG39/U American plain flange R100 
UG40/ BU American choke flange R100 
UG136/ BU American choke square R100 
UG135/U American plain square R100 
5985-99- 083-0033 Choke flange square R84 
5985- 99-083- 0034 Plain flange square R84 
UG51 U American plain square flange R84 
UG52BU American choke square flange R84 
5985-99- 083-0058 Plain flange rectangular R32 
5~85-99-083-0041 Choke round flange R48 
5~85-99-083-0042 Plain round flange R48 
1.061 / 891 0 Square DECCA special DECCA 
161 1/ 81907 Square DECCA special DECCA 
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Measuring Equipment 

A 
Absorption-see Power Meters 
AC-see Mixers, Multipliers 
Adapters-see also Graticule Adapter 

Page 

ADAPTER, TYPE N, TERMINATED TM 7949 } 
ADAPTER, TYPE N, UNTERMINATED TM 7950 65 

DC CHOKE ADAPTER TM 611 3 .155 
SCREENED ADAPTER TB 39867 61 
SCREENED ADAPTER TB 39868 45, 61, 89, 97 
CAMERA ADAPTER TM 7279 170 

Aerial-see Isolating 
AF-see Attenuators, Power Meters 
AM-see M odulation Meters, Signal Generators 
Analysers-see Inductor Analyser, Spectrum Analyser, 

TV Sideband Analyser, Wave Analyser 
Attenuators-see also Attenuator Pads, Probes 

MF ATTENUATOR TF 2162 
MONITORED ATTENUATOR TF 2160 
MONITORED ATTENUATOR TF 2161 
RF ATTENUATOR TF 1073A 
UHF ATTENU ATOR TF 2163S 

Attenuator Pads-
6 dB ATTENUATOR PAD TM 4919/1 } 
6 dB ATTENUATOR PAD TM 5573/1 

20 dB ATTENUATOR PAD TM 4919 
20 dB ATTENUATOR PAD TM 5552 
20 dB ATTEN UATOR PAD TM 5573 
x 100 ATTENUATOR PAD TM 6454 

B 
Balanced-see Transformers 
Band-Pass l . 
Band-Stop J-see Fillers 

Bar-see Generators 
Base-see Plates 
Battery-see Leads 
Bayonet-see Earthing 
Blanking-see Mixers 
Blank Panel-see Panels 
Bridges-

c 

IN SITU UNIVERSAL BRIDGE TF 2701 
UNIVERSAL BRIDGE TF 2700 
0·1% UNIVERSAL BRIDGE TF 1313A 

Cable- see Leads 
Camera-see Adapters 
Carrier Dev/ation-

53 
52 
53 
34 
35 

36 

54 

152 
150 
154 

CARRl ER DEVIATION METER TF 791 D 94 
Cases-

CARRYING CASE FOR AC CESSORIES TM 4935 69 
CARRYING CASE, LEATHER, TM 9714 186 

Cathode Follower-see Probes 
Changer-see Frequency 
c·hoke-see Adapters 
Circuit Magni{icalion-

Cl RCU IT MAGNIFICATION METER TF 1245A 158 
Clip-see Plates 
Coaxial-see Connectors, Fuses, Leads, Plugs 
Colour Gain and Delay-

COLOU R GAIN & DELAY TEST SET TF 2904 series 114 
Connectors-

COAXl ALT CONNECTOR TM 50318 69 
COAXIAL T CONNECTOR TM 7948 65 

C continued 

Control-see Level 
Converters-

Page 

UHF CONVERTER T M 6936R 119 
500- 600 MHz CONVERTER TM 8334 } 

191 0·4-3·4 GHz CONVERTER TM 8094 
Counters-

120 MHz FREQUENCY COUNTER TF 2410 188 
Covers-

PROTECTIVE COVER TM 7958/3 97, 129 
Crystals-

IF.OSCILLATOR CRYSTAL QO 1670 series 95, 97 

D 
DC-see Adapters, Isolating, Mixers, Power Unit, 

Voltmeters, Multipliers 
Delay-see Colour Gain and Delay 
Deviation- see Meters 
Dielectric Loss-

D I ELECTRl CLOSS TEST JIG T J 155C/1 160 
Differential-see Voltmeters 
Digital-see Voltmeters 
Distortlon-

D I ST 0 RTl ON FACTOR METER TF 2331 90 
QUANTIZATION DISTORTION TESTER TF 2343 132 

Dual Trace-
DUAL TRACE UNIT TM 6971 168 
HIGH SENSITIVITY DUAL TRACE UNIT TM 6972 170 

Dummy-see Isolating Load 

E 
Earthing- see also Leads 

EARTHING BA YON ET TM 8194 175 
Electronic-see Voltmeters 
Extension-see also Leads 

EXTENDER BOARD, 24 WAY, TM 9720 ) 
EXTENDER BOARD, 16 WAY, TM 9721 · 190 
EXTENDER BOARD, 24 WAY, TM 9722 J 
LF EXTENSION UNIT TM 6448 99 

F 
Filters-

1 kHz BAND-PASS FILTER TM 6222 
BAND-STOP FILTER TM 7729 series ) 
FREQUENCY-SELECTOR FILTER TM 7730 series I 
HIGH-PASS FILTER TM 7728 series J
LOW-PASS FILTER TM 7720 series 

Fixed-see Frequency Changer 
FM- see Modulation M eters, Signal Generators 
Frequency Changer-see also Converters, Modules 

300 kHz FIXED FREQUENCY CHANGER TM 6467 } 
3·1 MHz FIXED FREQUENCY CHANGER TM 6467/1 

Front-see Plates 
Fuses-

COAXIAL FUSE TM 5753 
RF FUSE UNIT TM 6723 
RF FUSE UNIT TM 9884 

54 

129 

99 

37 
99 
97 
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G 
Gain-see Colour Gain and Delay 
Generators-see Noise, Signal Generators, Sine Squared 

Pulse and Bar, Sweep Generator 
Graticules-

C ENTl METRE GRATICULE TC 38264 

Page 

171 
CENTIMETRE GRA Tl CU LE TB 43535 
CENTIMETRE GRATICULE TB 43536 
K-FACTOR GRATICULE TB 43596 
DECIBEL GRATICULE TB 44808 
DECIBEL GRATICULE TB 44809 
DECIBEL GRATICULE TB 45075 
THREE-LINE GRATICULE TB 43595 

} 171, 177 

l 111, 177 
J 

Graticule Projector-
GRA TICU LE PROJECTOR TM 8098 
GRATICULE PROJECTOR ADAPTER KIT TM 8513 

Grounding-see Earthing 

H 
HF- see Signal Generators, Spectrum Analyser 
High Impedance-see Probes 
Hood-

RUBBER HOOD TD 43245 

IF-see Crystals, Level Oscillators 
Inductors-

INDUCTOR TM 1438 series 
INDUCTOR TM 4947 series 
SET OF INDUCTORS IN CASE TM 4520 

Inductor Analyser-

} 

171 
177 

176 
177 

171 

161 

1 NDUCTOR ANALYSER TF 2702 138 
Input- see Leads 
In Situ- see Bridges 
Interconnecting Cable-see Leads 
Isolating-

DC ISOLATING UNIT TM 4917 37 
DUMMY AERIAL AND DC ISOLATING UNIT TM 6123 37 
ISOLA TING TRANSFORMER TM 7120 151 

J 
Jigs-see Dielectric Loss, Series Loss 
Jumper-see Leads 

K 
K-Factor-see Graticules 

L 
Lead~-

BATTERY LEAD TM 6122 
COAXIAL LEAD TM 4726/260 
COAXIAL LEAD TM 5725 
COAXIAL LEAD TM 6958 
75.11 COAXIAL LEAD TM 4726/136 
COAXIAL LEAD TM 4726/286 
EXTENSION LEAD TM 6943 
OUTPUT LEAD TM 4726/152 
OUTPUT LEAD TM 4726/208 
OUTPUT LEAD T M 4824 
OUTPUT LEAD TM 4824/1 
OUTPUT LEAD TM 4969/3 
PROBE LEAD TM 8120/1 

loads-
50.0 LOAD ;t W TM 7967 
5 W DUMMY LOAD TM 5582 

Logic Units-
N EGA TIV E LOGIC UNIT TM 941 2 
LOW LEVEL POSITIVE LOGIC UNIT TM 9413 

. Loss-see Dielectric loss, Series Loss 
Low-Capacitance-see Leads 

18 
129 
159 

49, 53 
43, 45 

35 
171 
36 
45 

} 36 

61 

65 
69 

191 

236 

M 
Magnification-see Circuit Magnification 
Mains-see Leads 
Matching-

MATCHING PAD TM 5548 
MATCHING PAD TM 5549 
MATCHING PAD TM 5569 
MATCHING PAD TM 6599 
MATCHING TRANSFORMER TM 5955/5 
MATCHING UNIT TM 4916 
MATCHING UNIT TM 4918 
son MATCHING UNIT TM 5726 } 
500 MATCHING UNIT TM 5727 

Meters-see Carrier Deviation, Circuit Magnification, 
Distortion, Modulation 

MF-see Attenuators, Signal Generators, Transmission 
Measuring 

Mixers-
AC/ DC MIXER TM 8339 
BLANKING AND SYNC MIXER TF 2908 

Modulation-
FM/ AM MODULATION METER TF 2300 

Modules 
FREQUENCY COUNT MODULE TM 9411 
VIDEO AMPLI FIER MODULE TM 8517 

Monitored-see Attenuators 
Mounting-see Rack Mounting 
Multipliers-

AC MULTIPLIER TM 5032 
DC MULTIPLIER TM 5033A 
x 0·1 RANGE MULTIPLIER UNIT D 347 

N 
Noise-

NOISE GENERATOR TF 2091 
NOISE RECEIVER TF 2092A 
TWELVE-CHANNEL NOISE GENERATOR TM 7816 
WHITE NOISE TEST SET OA 2090A 

0 
Oscil/ators-

A F OSCILLATOR TF 2102M 
EXTERNAL LOCAL OSCILLATOR TM 7036A 
FREQUENCY SELECTOR OSCILLATOR ) 

TM 7793 series 
FREQUENCY SELECTOR OSCILLATOR TM 7794 J 
FREQUENCY SELECTOR OSCILLATOR 

TM 7795 series 
10-~0 MHz OSCILLATOR UNIT } 
88-220 MHz OSCILLATOR UNIT 
215-500 MHz OSCILLATOR UNIT 
440-1000 MHz OSCILLATOR UNIT 
4-10 MH z OSCILLATOR UNIT 
RC OSCILLATOR TF 1101 
WIDE-RANGE R.C. OSCILLATOR TF 1370A 
WIDE-RANGE OSCILLATOR TF 2103 
40 kHz- 50 MHz OSCILLATOR TF 1246 
20-300 MHz OSCILLATOR TF 1247 

Oscilloscopes-see also T rollies 
OSCILLOSCOPE TF 2201 
OSCILLOSCOPE TF 2203 
OSCILLOSCOPE TF 2210 

Oscilloscope Inserts-see Dual Trace, Single Trace, 
Time Base 

Output-see Adapters, Leads 

p 
Pad-see Attenuator Pads, Matching 
Panels-

BLANK PANEL TB 42378 
BLANK PANEL TM 6844 

Pattern-see Signal Generators 
Period-see Modules 

} 

Page 

37 

160 

142 
115 

96 

189 

69 

146 

128 

134 
126 

45 
99 

129 

30 

44 
42 
46 

160 

164 
184 
178 

116 
53 



P continued Page S continued Page 

Plates- Signal Sources-
BASE PLATE ASSEMBLY TM 6978 99 TWO-TONE SIGNAL SOURCE TF 2005 48 

FRONT PLATE TM 7957 129 Sine Squared Pulse and Bar-
Power Meiers- SINE SQUARED PULSE AND BAR GENERATOR 

A .F. POWER METER T F 2500 78 T F 2905 series 106 

10 W AF POWER METER TF 893A 76 Single Trace-
RF POWER METER TF 2501 80 SINGLE TRACE UNIT TM 6970A 164 

RF POWER METER TF 2502 81 Sleeve-see Earthing 
RF POWER METER TF 2503 82" Spectrum Analyser-

Power Unit- HF SPECTRUM ANALYSER OA 1094A/3 98 

10A DC POWER UNIT 9306 144 Storage-see Cases 
Preamplifier-see also Oscilloscope Inserts Support-see Inductor Support 
Probes- see also letJds Sweep Generator-

1 :1 ATTENUATOR PROBE TM 8120 174 20 MHz SWEEP GENERATOR TF 1099 120 
1 :1 or 10:1 ATTENUATOR PROBE TM 8110 173 

Switching-see Remote Switching 
10:1 SWITCHABLE ATTENUATOR PROBE 
10:1 ATTENUATOR PROBE TM 8561 173, 191 

100:1 ATTENUATOR PROBE TM 8119 174 
100:1 A TTENUATOR PROBE TM 8563 174, 191 T 
CATHODE FOLLOWER PROBE TM 6942A 171 Television-see also Oscilloscope Inserts 
INPUT PROBE ASSEMBLY TM 5332 l TELEVISION TRANSMITTER SIDEBAND ANALYSER' 
OUTPUT PROBE ASSEM BLY TM 5331 J 

129 TF2360R- 116 
PROBE UNIT TM 5302 87 Test Jigs- see Dielectric Loss, Series loss 

Projector-see Graticule Projector Test Sets-see Colour Gain and Delay, Transmission 
Pulse-see also Sine Squared Pulse and Bar Measuring 

DOUBLE PULSE GENERATOR T F 2010 50 Time Base-
TIME BASE UNIT TM 6967 164 

Q Trace-see Oscilloscope Inserts 
Q-METER-see Circuit Magnification Transformers-see also Isolating, Matching 
Quantization-see Distortion 1-40 kHz TRANSFORMER TM 5728A 160 

UNBALANCED-TO-BALANCED TRANSFORMER 
R TM 6221 54 
Rael< Mounting- Transit-see Cases 

RACK MOUNTING CASE TM 7010 series 53, 93 Transmission Measuring-
RACK MOUNTING CASE TM 7943 119 MF TRANSMISSION MEASURING TEST SET TF 2333 92 
RAC K MOUNTING KIT TM 8269 15 Trolfies-
RACK MOUNTING KIT TM 8271 87 TROLLEY TM 7424/ IMI 171 
RACK MOUNTING KIT TM 8270 129 TROLLEY TM 6612 99 
RACK MOUNTING KIT TM 8340 87 Two-Tone-see Signal Sources 
RACK MOUNTING KIT TM 8744 l 181 RACK MOUNTING KIT TM 8751 
RACK MOUNTING KIT TM 9712/2 105 
RACK MOUNTING KIT TM 9740 u 
RACK MOUNTING KIT TM·9741 137 UHF-see Attenuators, Converters 
RACK MOUNTING KIT TM 9828 33 Unbalanced-see Transformers 

Range-see Multipliers Universal-see Bridges 
RC- see Oscillators 
RF-see Attenuators, Earthing, Fuses, Power Meters 
Rubber-see Hood v 

Valve-see Voltmeters s Video-Amplifier-see Oscilloscope Inserts 
Screened-see Adapters Voltmeters-
Sensitive-see Voltmeters DIFFERENTIAL DC VOLTMETER TF 2606 70 
Series Loss- DIGIT AL VOLTMETER SM 523 74 

SERIES LOSS TEST JIG T J 230 160 DIGITAL VOLTMETER TF 2660 72 
Shielded-see Adapters ELECTRONIC VOLTMETER TF 2604 66 
Sideband-see TV Sideband Analyser RF ELECTRONIC VOLTMETER TF 2603 62 
Signal Generators- SENSITIVE VALVE VOLTMETER T F 2600 60 

AM SIGNAL GENERATOR TF 144H series 16 
AM SIGNAL GENERATOR TF 8010 series 20 
FM SIGN AL GENERATOR TF 1066B/1 26 
FM SIGNAL GENERATOR TF 1066B/6 28 w 
FM SIGNAL GENERATOR TF 2006 30 . Wattmeters-see Power Meters 
FM/AM SIGNAL GENERATOR T F 9958 series 22 Wave Analyser-
MF/ HF SIGNAL GENERATOR TF 2002AS 12 WAVE ANALYSER TF 2330 88 
PATTERN GENERATOR & SLMS TF 2341 130 Wide-Range-see Oscillators 
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Sanders Division - Microwave Equipment 

Page Meter Page 
ADAPTOR FLANGE 6478 232 FREQUENCY 6049, 6050, 6051 219, 220 
AMPLIFIER V.S.W.R. 6593, 6596 209 MICROWAVE POWER 6598 218 

Attenuator MIXER WAVEGUIDE 6001, 6004, 6521 211 

WAVEGUIDE 6018 to 6021 222 MODULA TOR P.l.N. DIODE 6053 210 

ROTARY VANE 6052 223 
Mount 

Bench KLYSTRON 6015 215 
EDUCATIONAL 6452A, 6599 212 THERMISTOR, COAXI AL 6046 t 218 
WAVEGUIDE SUPPORT 6039 231 THERMISTOR, WAVEGUIDE 6045 J 

Bend Oscillator 
WAVEGUIDE 'E' PLANE 6025 226 GUNN DIODE 6061 215 

CALIBRATION RECEIVER, MICROWAVE 6592 209 PHASE SHIFTER 6022 223 
P.l.N. DIODE MODULATOR 6053 210 

Carriage POWER METER MICROWAVE 6598 218 
UNIVERSAL PROBE 6010 213 
WAVEGUIDE SUPPORT 6040 231 Power Supply 

CLAMP QUICK-RELEASE 6044 232 FOR GUNN DIODE OSCILLATOR 6590 224 
CLIP, WAVEGUIDE SUPPORT 6042 231 KLYSTRON 6454 225 

PROBE CARRIAGE 6010 213 
Coaxial QUICK RELEASE CLAMP 6044 232 

DETECTOR 6060 210 RADAR TEST SET TF 890A 217 
THERMISTOR MOUNT 6046 218 RAPID COUPLER, SQ. TO SQ. FLANGE 6478/1 232 
TRANSFORMER 6037 229 RECEIVER, CALIBRATION 6592 209 

ROT ARY VANE ATTENUATOR 6052 223 
Coupler SHORT CIRCUIT, VARIABLE 6005 214 

CROSS-GUIDE DIRECTIONAL 6029 I SHORT MATCHED TERMINATION 6032 228 
MUL Tl-HOLE DIRECTIONAL 6030 227 SIGNAL GENERATOR 6012, 6013, TF 1060/2 215, 216 
MUL Tl-SLOT DIRECTIONAL 6028 SIGNAL SOURCE 6055, 6058 216 
RAPID, SQ. TO SQ. FLANGE 6478 232 SLOTTED WAVEGUIDE SECTION 6011 213 

STUB TUNER 6006 214 
Detector 

COAXIAL 6060, 6002 210 
Support 

WAVEGUIDE 6000, 6003, 6009 211, 214 
BENCH, WAVEGUIDE 6039 

} CARRIAGE 6040 
Educational CLIP, WAVEGUIDE 6042 231 

ANTENNA TEST BENCH 6452A } 212 FREE ST ANDING 6041 
MICROWAVE TEST BENCH 6599 INSTRUMENT TABLE 6043 

FERRITE ISOLATOR 6034, 6035 229 SWITCH, WAVEGUIDE 6442, 6453, 6473, 6352, 6353 232 
FLANGE, ADAPTOR 6478 } 232 
FLANGE, RAPID COUPLER 6478/1 
FLANGES WAVEGUIDE 233 Termination 
FREQUENCY METER 6049, 6050, 6051 219, 220 WAVEGUIDE 6031, 6032 228 

GENERATOR SIGNAL 6012, 6013, TF 1060/2 215, 216 
GUNN DIODE OSCILLATOR 6061 215 Thermistor Mount 
HIGH POWER TERMINATION 6031 228 COAXIAL 6046 218 HORN, WAVEGUIDE 6036 230 WAVEGUIDE 6045 
IMPEDANCE, VARIABLE 6007 214 
INDICATOR V.S.W.R. 6593, 6596 209 

Transformer 
WAVEGUIDE TO COAXIAL 6037 229 

Isolator WAVEGUIDE TAPER 6038 230 
BROADBAND 6033 } 229 WAVEGUIDE VARIABLE 6008 214 
FERRITE 6034 

TUNER, WAVEGUIDE STUB 6006 214 
Junction TWIST, WAVEGUIDE 6027 226 

WAVEGUIDE 'E' & 'H' PLANE 6023, 6024 226 UNIVERSAL PROBE CARRIAGE 6010 213 
V.S.W.R. INDICATOR 6596 . I 209 

Klystron V.S.W.R. INDICATOR/SELECTIVE AMPLIFIER 6593 f 
MOUNT 6015 215 WAVEMETER 6016, 6017 220 
POWER SUPPLY 6454 225 WIDEBAND DETECTOR 6060 210 
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NATO & Federal Catalogue Numbers 

NAT O 

M.I. Type No. Military Designation NATO Cat. No. 
TF 144H/4S Signal Generator CT 452A 6625-99-924-8875 
TF 144H/6S Signal Generator CT 452A Set 6625-99-900-8337 
TF 7910 Test Set Deviation 6625-99-952-2585 
TF 801D/8S Generator, Signal CT 3948 6625-99-924-8874 
TF 801 D/9S Signal Generator Sel CT 3948 6625-99-106-1189 
TF 893A Wattmeter Absorption Audio Frequency 6625-99-914-9811 
TF 9958/2 Signal Generator CT 520A 6625-99-142-4566 
TF 10668/6 Signal Generator Set 6625-99-955-2400 
TF 1066B/6S Signal Generator Set AM/ FM 6625-99-106-0902 
TF 1073A/2S Attenuator CT 421 6625-99-972-9733 
OA 1094AS Analyser Spectrum 6625-99-580-6737 
OA 1094A/1S Analyser Set Spectrum 6625-99-104-3144 
TF 1099/2 Sweep Generator Set 6625-99-971-4611 
TF 1099/3S Sweep Gen erator Set 6625-99-104-5017 

• TF 1101 Signal Generator Type 16728 6625-99-999-9604 
TF 1245 Panels Test Electrical (Q Meter) 6625-99-103-1083 
TF 1246 Oscillator R.F. 6625-99-103-5187 
TF 1247 Oscillator R.F. 6625-99-103-1073 
TF 1370A Signal Generator 6625-99-104-7574 
TF 2002AS Signal Generator Set CT 572 6625-99-108-9800 
TF 2162 Atten uator Variable CT 532 5905-99-972-0856 
TF 2163S Attenuator Variable CT 553 6625-99-519-9976 
TF 2300S Meter Set Modulation 6625-99-106-8937 
TF 2300 Meter Set Modulation 6625-99-107-2869 
TF 2330 Analyser, Spectrum 6625-99-972-4355 
TF 2333 Test Set T ransmission Line 6625-99-933-3719 
TF 2600 Voltmeter, Electronic 6625-99-103-3116 
T F 2600 Voltmeter Set, Electronic 6625-99-106-5334 
TF 2600S Voltmeter Set, Electronic 6625-99-106-1341 
TF 2603 Voltmeter Set, Electronic 6625-99-193-3577 
TF 2604 Multimeter, Electronic 6625-99-924-5707 
TF 2700 Impedance Bridge 6625-99-104-3861 
TF 2701 Bridge Set Universal 6625-99-104-829 7 

FEDERAL 

TF 144H/4 Signal Generator 6625-900-1016 
TF 7910 Deviation Meter 6625-060-3320 
TF 801 D/1 Signal Generator 6625-812-9863 
TF 995A/2M Signal Generator 6625-913-7223 
TF 10668/1 Signal Generator 6625-929-4277 
TF 10668/6 Signal Generator 6625-937-2801 
TF 2006 Signal Generator 6625-H99-5089 
TF 2090A White Noise T est Set 6625-921-7418 
T F 2300 Modulation Meter 6625-W14-6155 
TF 2330 Wave Analyzer 6625-168-0955 
TM 7816 Twelve Channel Noise Generato r 6625-948-4724 
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Type Numbers-Measuring Equipment 

Type No. Title Page 
TF 144H series AM Signal Generator 16 

SM 523 Digital Voltmeter 74 

TF 7910 Carrier Deviation Meter 94 

TF 8010 series AM Signal Generator 20 

TF 893A AF Power Meter 76 

TF 995B series FM/AM Signal Generator 22 

TF 1066B/1 FM Signal Generator 26 

TF 1066B/6 FM Signal Generator 28 

TF 1073A RF Attenuator 34 

OA 1094A/3 HF Spectrum Analyser 98 

TF 1099 20 MHz Sweep Generator 120 

TF1101 RC Oscillator 44 

TF 1245A Circuit Magnification Meter 158 

TF 1246 40 kHz-50 MHz Oscillator } 160 
TF 1247 20-300 MHz Oscillator 

TF 1313A 0·1% Universal Bridge 154 

TF 1370A Wide-Range RC Oscillator 42 

TF 2002AS MF/HF Signal Generator 12 

TF 2005 Two-Tone Signal Source 48 

TF 2006 FM Signal Generator 30 

TF 2010 Double Pulse Generator 50 

OA 2090A White Noise Test Set 126 

TF 2091 Noise Generator } 128 
TF 2092A Noise Receiver 

TF 2102M AF Oscillator 45 

TF 2103 Wide Range Oscillator 46 

TF 2160 Monitored Attenuator 52 

TF 2161 Monitored Attenuator } 53 
TF 2162 MF Attenuator 

TF 2163S UHF Attenuator 35 

TF 2201 Oscilloscope 164 

TF 2203 Oscilloscope 184 

TF 2210 Oscilloscope 178 

TF 2300 FM/AM ·Modulation Meter 96 

TF 2330 Wave Analyser 88 

TF 2331 Distortion Factor Meter 90 

TF 2333 MF Transmission Measuring Set 92 

TF 2341 Pattern Generator & S.L.M.S. 130 

TF 2343 Quantization Distortion Tester 132 

T F 2360R Television Transmitter Sideband Analyser 116 

TF 2410 120 MHz frequency Counter 188 

TF 2500 AF Power Meter 78 

TF 2501 RF Power Meter 80 

TF 2502 RF Power Meter 81 

TF 2503 RF Power Meter 82 

TF 2600 Sensitive Valve Voltmeter 60 

TF 2603 RF Electronic Millivoltmeter 62 

TF 2604 Electronic Voltmeter 66 

TF 2606 Differential DC Voltmeter 70 

TF 2660 Digital Voltmeter 72 

TF 2700 Universal Bridge 150 

TF 2701 In Situ Universal Bridge 152 

TF 2702 Inductor Analyser 138 

TF 2904 series Colour Gain and Delay Test Set 114 

TF 2905 series Sine Squared Pulse and Bar Generator 106 

TF 2908 Blanking and Sync Mixer 115 

TM 7816 Twelve-Channel Noise Generator 134 
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Type Numbers-Optional Accessories for Measuring Equipment 

Type No. Title For use with Page 
D 347 x 0·1 Range Multiplier Unit TF 2702 146 
QO 1670 series IF Oscillator Crystals TF 7910, TF 2300 95, 97 
TB 39867 Screened Adapter TF 2600 61 

TB 39868 Shielded Adapter { TF 2600, TF 2330, TF2300 } 45, 61, 89, 97 
TF 2102M 

TB 42378 Blank Panel TF 2360R 119 
TB 43535 Centimetre Grat icule 

} 
TB 43536 Centimetre Graticule 
TB 43595 Three-Line Graticule 

TM 8098 171,177 TB 43596 K-Factor Graticule 
TB 44808 Decibel Graticule 
TB 44809 Decibel Graticule 
TC 38264 Centimetre Graticule l TC 45075 Decibel Graticule 

f 
TF 2201 171 

TD 43245 Rubber Hood 
T J 155C/1 Dielectric Loss Test Jig l. TF 1245A 160, 161 T J 230 Series-Loss Test Jig l 
TM 1438 series Inductors 

l· TF 1245A 161 TM 4520 Set of Inductors in Case 
TM 4726/136 750 Coaxial Lead TF 1370A, TF 2102M 43, 45 
TM 4726/152 Output Lead TF 2002AS, TF 144H series 36 
TM 4726/208 Balanced Output Lead TF 2102M 45 
TM 4726/260 Coaxial Lead OA 2090A 129 
TM 4726/286 Coaxial Lead TF 2163S 35 
TM 4824 Output Lead } TF 8010 series, TF 10668 series, TF 2163S 36 TM 4824/1 Output Lead 
TM4916 Matching Unit 

t TM 4917 DC Isolat ing Unit 
TM 4918 Matching Unit TF 1066B series, TF 801 D series, 36, 37 
TM 4919 20 dB Attenuato r Pad 

J 
TF 2163S 

TM 4919/1 6 dB Attenuator Pad 
TM 4935 Carrying Case for Accessories TF 2604 69 
TM 4947 series Inductor TF 1245A 161 
TM 4969/3 Output Lead TF 2002AS, TF 144H series 36 
TM 5031B Coaxial T Connector I TM 5032 AC Multiplier TF 2604 69 
TM 5033A DC Multiplier f 
TM 5548 Matching Pad 

]· 
TF 8010 series, TF 1066B series, 

TM 5549 Matching Pad TF 2163S 37 
TM 5552 20 dB Attenuator Pad TF 995B series 36 
TM 5569 Matching Pad TF 2002AS, TF 144H series 37 
TM 5573 20 dB Attenuator Pad t TF 2002AS, TF 144H series 36 TM 5573/1 6 dB Attenuator Pad J 
TM 5582 5 W Dummy Load TF 2604 69 
TM 5725 Coaxial Lead TF 1245A 159 
TM 5726 Matchi ng Unit TF 1246 

f 
TM 5727 Matching Unit TF 1247 160 
TM 5728A 1- 40 kH z Transformer TF 1246, TF 1247 
TM 5753 Coaxial Fuse TF 1066B series, TF 801 D series, 37 

TF 21635 
TM 5955 Matching T ransformer } OA 2090A 129 TM 5955/1 Matching Transformer 
TM 5955/5 Matching Transformer TF 2002AS, TF 144H series 37 
TM 6113 DC Choke A dapter TF 1313A 155 
TM 6122 Battery Lead TF 144H series 18 
TM 6123 Dummy Aerial and DC Isolating 

Unit TF 2002AS, TF 144H series 37 
TM 6221 Unbalanced-to-Balanced 

f 
Transformer TF 1370A 54 

TM 6222 1 kHz Band-Pass Filter 
TM 6448 LF Extension Unit OA 1094A/3 99 
TM 6454 x 100 Attenuator Pad TF 1370A 54 
TM 6467 300 kHz Fixed Frequency Changer } 

OA 1094A/3 99 TM 6467/1 3·1 MHz Fixed Frequency Changer 
TM6599 Matching Pad TF 2002AS, TF 144H series 37 
TM 6612 Trolley for Spectrum Analyser 

OA 1094A/3 99 TM 6723 RF Fuse Unit 
TM 6844 Blank Panel TM 7010 53 
TM 6936R UHF Converter TF 2360R 119 

241 



Type No. Title For use with Page 
TM 6942A Cathode-Follower Probe } TF 2201 TM 6943 Extension Lead 171 
TM 6958 Coaxial Lead TF 2005, TF 2160, TF 2161 , TF 2162 49, 53 
TM 6967 Time Base Unit 

) TM 6970A Single Trace Unit 
TF 2201 TM 6971 Dual Trace Unit 164 

TM 6972 High Sensitivity Dual Trace Unit 
TM 6978 Base Plate Assembly OA 1094A/3 99 
TM 701 0 series Rack Mounting Case TF 2160, TF 2161 , TF 2162, 53, 93 

. TF 2333 
TM 7036A External Local Oscillator TF '1094A/3 99 
TM7053 Twin Lead TF 2005, TF 2161 49, 53 
TM 7120 Isolating Transformer TF 2700 151 
TM7279 Camera Adapter TF 2201 170 
TM 7424/IMI Trolley for Oscilloscope TF 2201 171 
TM 7720 series Low-Pass Filter 

) TM 7728 series High-Pass Filter 
TM 7729 series Band-Stop Filter 
TM 7730 series Frequency-Selector Fil ter t OA 2090A 129 
TM 7793 series Frequency-Selector Oscillator 

) TM 7794 series Frequency-Selector Oscillator 
TM 7795 series Frequency-Selector Oscillator 
TM7943 Rack Mounting Case TF 2360R 105 
TM 7948 Coaxial T Connector 

I TM7949 Adapter, type N, terminated TF 2603 65 
TM 7950 Adapter, type N, unterminated 
TM 7957 Front Plate OA 2090A 129 
TM 7958/3 Protective Cover TF 2300, OA 2090A 97, 129 
TM 7967 son Load, t w TF 2603 65 
TM 8094 0·4-3·4 GHz Converter TF 2410 191 
TM8098 Graticule Projector TF 2201 176 
TM8110 10:1 Attenuator Probe I TF 2201, TF 2203 173, 186 
TM 8110/1 10:1 Switchable Attenuator Probe i' 
TM 8119 100:1 Attenuator Probe l TF 2201, TF 2203 174, 186 
TM8120 1 :1 Attenuator Probe I 
TM 8120/1 Probe Lead TF 2600 61 
TM 8194 Earthin g Bayonet Probes 175 
TM 8269 Rack-Mounting Kit TF 2002AS 15 
TM 8270 Rack-Mounting Ki t OA 2090A 129 
TM 8271 Rack-Mounting Kit TF 2330 87 
TM8334 50- 600 MHz Converter TF 2410 191 
TM8339 AC/ DC Mixer TF 2702 142 
TM 8340 Rack-Mounting Kit TF 2300 87 
TM 8513 Graticule Projector Adapter Kit TM 8098 177 
TM 8517 Video Amplifier Function Module TF 2410 191 
TM 8561 1 :1 or 10:1 Attenuator Probe Oscilloscopes & TF 2410 173, 191 
TM 8563 100:1 Attenuato r Probe Oscilloscopes & TF 2410 174, 191 
Type 9287 Remote-Switching Unit TF 2702, TM 8339 145 
Type 9306 10A DC Power Unit TF 2702 144 
TM 9412 Negative Logic Unit TF 2410 191 
TM 941 3 Low Level Positive Logic Unit 
TM9712 Rack-Mounting Kit TF 2905/4 & 5 105 
TM 9712/2 Rack Mounting Kit TF 2905/8 & 9 
TM 9714 Leather Carrying Case TF 2203 186 
TM 9720 24 way, Double-sided Extender 

1 Board 
TM 9721 16 way, Rig ht-angled Extender TF 2410 190 

Board j TM 9722 24 way, Right-angled Extend er 
Board 

TM 9740 Rack-Mounting Kit TF 2702 } 137 
TM 9741 Rack-Mounting Kit TM 8339 
TM 9743 . Rack-Mounting Kit TF 2904 l. 105 
TM 9746 Rack-Mounting Kit TF 2908 ) 

TM 9828 Rack Mounting Kit TF 2006 33 
TM 9884 R.F. Fuse Unit TF 2300 97 

242 



T he Marconi Companies have always covered the world, 
and as befits a member of the group, Marconi Instruments 
Limited have established local offices, representatives or 
distributors, to give the best service possible fn as many 
areas as possible. Overseas customers, In any of the 
terrJtorles listed, who require any information, whether 
commercial or technical on M.I. products, will obtain prompt 
assistance from the address shown. 



ml - Marconi Instruments Distributor 
1::1@:-; -Marconi Instruments (Sanders Division) Distributor 

ml ALGERIA ml CAMBODIA ml ETHIOPIA 
Societe Algerienne de Radio Comin Khmere S.A. Mitchell Cotts & Co. (Ethiopia) Ltd 
Electricite 151-153 Vithei Kampuchea Krom P.O. Box 527 
3 Rue Didouche Mourad Boite Postale 625 ADDIS ABABA 
ALGIERS PHNOM-PENH Telephone: 47160-4 
Telephone: 63-55-53 Telephone: 23334 Cables : MITCOTTS ADDIS 
Cables: COT AQ, ALGIERS Cables: ARANYA, CAMBODIA ABABA 

ml ARGENTIN E 
mnEJ English Electric Marconi Argentina ml CANADA 

ml FINLAND S.R.L. t:mE Canadian Marconi Co. 
Casilla 4476, Correo Central 2442 Trenton Avenue tmo-1 Oy Mercantile Ab 
BUENOS AIRES MONTREAL 301 P.O. Box 10029 
Telephone : 46-8772 Telephone: (514) 343-3411 HELSINKI , 10 
Cables: EXPANSE, BAIRES Cables: ARCON, MONTREAL Telephone: 64 42 11 
Telex: BA 2168 Telex: 01-2260 Cables: MERCANTILE, HELSINKI 

Telex: 12-416 
ml AUSTRALIA 

Amalgamated Wireless ml CEYLON 
(Australasia) Limited Maurice Roche Limited ml FRANCE 

Engineering Products Division 54 Bankshall Street Marconi Instruments 
P.O. Box 96 P.O. Box 61 Succursale de France 
NORTH RYDE 2113, N.S.W. COLOMBO 40 Rue de l'Aqueduc 
Telephone: 02-88-6666 Telephone: 25846 PARIS Xe 
Cables: WIRELESS, SYDNEY Cables: LAXPANA, COLOMBO Telephone : 607-71-12 and 607-71-13 
Telex: 20623 

r:mE Jacoby Mitchell & Co. Pty. Ltd ml CHILE r:mE D2E 

469-475 Kent Street Gibbs and Cia S.A.C. Diffusion Electronique Europeenne 
SYDNEY Agustinas 1161 -2° Piso 15-17 Avenue de Segur 
N.S.W. 2000 Casilla 67-D PARIS Vile 

Telephone: 26-2651 SANTIAGO Telephone: 705 2910 

Cables: ACOB SYDNEY Telephone : 82701-09 Telex : 26 783 

Telex: 21123 Cables: ANTIPODEAN, 

ml AUSTRIA 
SANTIAGO 

ml GERMANY, FEDERAL Telex: 309 
~ Mr. William Pattermann r:mE REPUBLIC OF 

P.O. Box 101 Marconi Messtechnik G.m.b.H. 
Rudol finergasse 18 ml COLOMBIA Wolfratshauser Strasse 243 
1190 VIENNA Representaciones y Promociones 8 MONCHEN 71 
Telephone: 36 36 47 industriales Ltda Telephone: 79 30 619 
Cables: BRITUBIM, VIENNA Apartado Aereo 5660 Cables: MARCONI, MON CHEN 
Telex: 74532 BOGOTA Telex: 05/24642 

mJ BARBADOS 
Telephone : 34-41-40 
Cables: Repro, Bogota 

Balmoral Ltd ml GHANA 
Hastings R. T. Briscoe (Ghana) Ltd 
BARBADOS, W.I. ml CYPRUS P.O. Box 1635 
Telephone : 7763 S. A. Petrides and Sons Ltd ACCRA 
Cables: BALMORAL, BARBADOS P.O. Box 1122 Telephone: 66903-9 

mf BELGIUM & LUXEMBOURG NICOSIA Cables: BRISCOE, ACCRA 
mEJ SAIT Electronics S.A. 

Telephone: 2788 Telex: 2095 
66 Chaussee de Ruisbroek 

Cables: ARMATURE, NICOSIA 

BRUSSELS19 
Telephone: 76 20 30 ml DENMARK ml GREECE 
Cables: WIRELESS, BRUXELLES rrmE Sophus Berendsen A/S P. C. Lycourezos Ltd 
Telex: 02-21601 10 Amaliegade 3 Stadiou Street 

COPENHAGEN K ATHENS 125 
ml BOLI VIA Telephone: 230-1 45 

Martin & Co. Ltd Telephone: Central (01) 14-85-00 
Casilla de Correo No 1467 Cables: BERENDSEN, Cables: PECEL YK, A THENS 

LA PAZ COPENHAGEN Telex: 5542 

Cables: MARTCO LA PAZ Telex: 2585 Berendsen KH 

ml GUY ANA 
ml BRAZIL mJ EIRE Sprostons (Guyana) Ltd 

Cia Staub de Representacoes e Kelly and Shiel Ltd 3-9 Lombard Street 
Comercio United Works GEORGETOWN 

Caixa Postal 30. 318 Distillery Road Telephone: 3291 
SAO PAULO DUBLIN 3 Cables: GUYS PROS, 
Telephone: 61-1066 _ Telephone: 371621 GEORGETOWN 
Ca_bles: ESTAB, SAO PAULO Cables: ELECTASELL, DUBLIN Telex: 218 
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mi 

mi 

mi 

mi 
rmlEJ 

mi 

mi 
rmlEJ 

mi 

mi 

mi 

A ssociated Companies 
and Distributors 

HONG K ONG 
Marconi (China) Ltd 
Room 1116, Central Building 
Pedder Street 
G.P .. O. Box 186, H.K. 
HONG KONG 
Telephone: 2211 89 
Cables: MARCHILIM, 

HONG KONG 

INDIA 
A ssociated Instrument 

Manufacturers (India) Private 
limited 

Sunlight Building 
26/27 A saf Ali Road 
NEW DELHI 
Telephone: 271236 
Cables : AIMILDEL, NEW DELHI 
Telex : 7400 

IRAQ 
Leon Kouyoumdjian & Co. 
Fixi t House 
Sa'adoon Street 
Alwlya 
BAGHDAD 
Telephone : 83417 
Cables: FIXIT, BAGHDAD 

ITALY 
.Marconi ltaliana S.p.A. 
Via A . Negrone, 1 A 
16153 GENOVA 
Telephone: 47-32-51 
Cables: EXPANSE, 

CORNIGLIANO LIGURE 
Telex : 27386 
J AMAICA 
Wills Battery Co. Ltd. 
66 Sllpe Road 
KINGSTON, 5 
Telephone: 65921 -2 
Cables: BATTERY, KINGSTON 
JAPAN 
Cornes & Co. Ltd 
Maru zen Building 
Nlhanbashi 
C.P.0. Box 158 
T OKYO 
Telephone : 272-5771 
Cables : CORNES, TOKYO 
Telex : 222-2987 

JORDAN, 
HAS H EMITE 
K INGDOM OF 

Hammad & Kamal Trading Co. 
P.O. Box 621 
AMMAN 
Telephone : 25331 
Cables: HAMMAD, AMMAN 
KEN Y A 
S.A. Pegrume and Co. Ltd . 
P.O. Box 1093 
NAIROBI 
Telephone : 25873 
Cables: PEGRUME, NA IROBI 

KOREA, S OUTH 
International Development Corp. 
C.P.0. Box 718 
SEOUL 
Telephone: 23-8594 
Cables: INTRADEV, SEOUL 

mi 

mi 
r:mE 

mi 

mi 
~ 

~ 

mi 
r:mEJ 

mi 

mi 
~ 

mi -Marconi Instruments Distributor 
rml<>-J- Marconi Instruments (Sanders Division) Dlst<ibutor 

LEBANON mt PAKISTAN 
Rizk Brothers International Industries Ltd 
P.O. Box 4875 P.O. Box 4775 
BEIRUT Hakimsons Building 
Telephone : 237777-259535 19 West Wharf Road 
Cables : BUILD BROS, BEIRUT KARACHI 2 

Telephone: 227121-4 

MALAYSIA 
Cables: FRIENDSHIP, KARACHI 

Associated Instrument 
Manufacturers (Malaya) Sdn. mi PHILIPPIN ES 
Berhad Marcon i Philippines Inc. 

468-7B Jalan lpoh Commerciar Bank and Trust 
P.O. Box 767 Company Buildings 
KUALA LUMPUR A yala A venue, Makati 
Telephone : 68122-3 RIZAL 
Cables : AIMIL, KUALA LUMPUR Telephone: 88-60-91, 88-79-50 

Cables: EXPANSE, MANILA 

MEXICO 
Telex: MN 3555 

lnstrumentacion SA de CV, 
Amado Nervo 156 mi PORTUGAL 
MEXICO 4, D.F. E. Pinto Basto and Ca. Lda 
Telephone: 46-34-39 1 Avenida 24 de Julho 

Apartado No. 2200 
LISBON 2 

NETHERLANDS Telephone : 36-15-81 
lngenieursbureau Cables: BASTO, LISBON 
Koning and Hartman N.V. Telex: 1201 
Koperwerf 30 
's GRAVENH AGE 
Telephone : (070) 67-83-80 mi SOUTH A FRICA 
Cables: INKOHA DENITAAG r:mE Marconi (South Africa) Ltd 
Telex: 31528 Private Bag 1038 

Cor. Van Dyk and Falkirk Roads 
Industrial Sites 

A lgemesne Nederlandshe BENO NI 
Radio Unie N.Y. Telephone : 52-5961-2-3-4 
Wijnhaven 80 Cables : EXPANSE, BENONI 
ROTTERDAM 1 Telex : 43-0469 
Telephone : (010) 11 .59.90 
Cables: RADIOUNIE mi S PA IN ROT TERDAM 
Telex : 22 079 Neotecnica S.A.E. 

Marques de Urquijo 44 
MADRI D 8 

NEW ZEALAND Telephone: 248 96 02 
Amalgamated Wireless 

(Australasia) N.Z. limited 
Cables: NEOTECNICA, MADRI D 

Commerce House mi SUDAN 126 Wakefield Street 
P.O. Box 830 Mitchell Cotts (Middle East) Ltd 
WELLINGTON, C.1 P.O. Box 211 

KHARTOUM Telephone: 43-191 
Cables : MIT COTTS KHART OUM Cables : EXPANSE, WELLINGTON 

mi SURINAM 
NIGERIA Surinam T elecommunicat ions 
R. T. Briscoe (Nigeria) Ltd 
Marconi Dept 

Company Inc. 
P.O. Box 155 

P.O. Box 2104 PARAMARIBO 
LAGOS Telephone ; 2118 
Telephone: 56071 -2-3 Cables: TREURNIET, 
Cables: BRISCOE, LAGOS PARAMARIBO 
Telex: 249 

mi SWEDEN 
NORWAY r:m:a Svenska Radio AB 
Norsk Marconikompanl A.S. Agencies Division 
Ryensvingen 5 Fack S-102 20 
P.O. Box 50 Manglerud STOCKHOLM 12 
OSLO, 6 Telephone : 22-31-40 
Telephone: 67-04-86 Cables: SVENSKRADIO. 
Cables: MARCONI, OSLO STOCKHOLM 
Telex: 16218 Telex: 10094 
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mi SWITZERLAN D mi TURKEY mi VIETNAM, SOUTH 
EJ Baerlocher A.G. Orhan Kocak International Group Ltd 

Forrlibuckstrasse 110 Tunus Cad., 85/5 P.O. Box 1078 
ZORICH 5 Kavaklidere SAIGON 
Telephone : (051) 42-99-00 ANKARA Telephone : 24-305 
Cables: JABAERLOCHER, Telephone: 175861 Cables: INTERGROUP, SAIGON 

ZURICH Cables: ORKO, ANKARA 

mi U.K. 
r:m~ Marconi Instruments ltd. 

mi SYRIA Long acres 
The Eastern Bureau for Engineering ST. ALBANS, Hertfordshire 

Trade and Industry England 
Brazil Street Telephone : St. Albans 59292 mi YUGOSLAVIA 
P.O. Box 813 Cables: " MEASURTEST', Jugohemija 
DAMASCUS ST. ALBANS TELEX Department: Standard 
Telephone : 39340 Telex: 23350 T erazije 39/1 
Cables: SHARK, DAMASCUS P.O. Box 254 

mi URUGUAY BELGRADE 
Pellmar S.A. Telephone: 332-616 
Piedras 676-77 Cables : JUGOHEMIJA, 

mi THAILAND MONTEVIDEO BELGRADE 

Yip in Tsoi & Jacks Ltd Telephone : 8-14-47 Telex: 11390 
Cables : PELLICERSA, P.O. Box 2611 MONTIVIDEO 

BANGKOK 
Telephone : 34963 
Cables : YIPJACKS, BANGKOK mi VENEZUELA 
Telex: BK 2272 English Electric Marconi de 

Venezuela C.A. 
A venida Urdaneta 
Edificio LUZ Electrica 7° Piso mi ZAMBIA 
Apartado 3946 International Aeradio (Zambia) Ltd 

mi TRINIDAD CARACAS P.O. Box 1253 
Tel ecomm Ltd Telephone : 54 51 16 LUSAKA 
P.O. Box 732 Cables: ENELECTICO, CARACAS Telephone: 73758 
PORT OF SPAIN Telex: 856 Cables: INT AERIO LUSAKA 
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