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‘TECHNICALSSHORTS’

by Gerry O’Hara, GBGUH

‘TECHNICAL SHORTS’ IS a series of (fairly) short articles prepared for the
Eddystone User Group (EUG) website, each focussing on a technical issue of
relevance in repairing, restoring or using Eddystone valve radios. However, much
of the content is also applicable to non-Eddystone valve receivers. The articles are
the author’s personal opinion, based on his experience and are meant to be of
interest or help to the novice or hobbyist — they are not meant to be a definitive or
exhaustive treatise on the topic under discussion.... References are provided for
those wishing to explore the subjects discussed in more depth. The author
encourages feedback and discussion on any topic covered through the EUG forum.

Radio Receiver Fault Finding

Introduction

Much has been written on the subject of radio receiver fault
finding — 1 own a small personal library on the subject — so
heaven knows how much has actually been written on it over
the years: even today, with the renewed interest in ‘antique’
radios, newly-written books on valve radio servicing, repair
and restoration occasionally appear, reprints of ‘classic’ texts
are produced and there are new posts on the web each day.
Many useful articles appeared within the pages of ‘Lighthouse’
over the years, such as those by Graeme Wormald (eg.
‘Duffers” Guide To Valve Set Fault Finding’), Peter Lankshear
(eg. “Electronic Repairs To Eddystone Receivers’), Ted Moore (many, many tidbits, tips
and tricks), Tor Marthinsen and several other authors and contributors. This article is my
attempt at distilling all this down into a fairly succinct and logical approach to fault
finding in radios, based on my own experiences over the years, plus some sage advice
garnered from various referenced texts, illustrated by some -
Eddystone and non-Eddystone examples. | have assumed a basic
level of understanding of how a valve radio works, how it should
perform, how to operate it and what its components and controls do

(or should do) — if not, the reader should first read an introduction to 2 /-
these subjects, eg. the receiver sections of pre-1970 RSGB and 2 )
ARRL handbooks and Graeme’s ‘Duffers’ Guide’. i Vss06

|
I would note that “fault finding’ is a sub-set of ‘repairing’: fault
finding is limited to the electronics of the set and, maybe the closely 55 05

associated mechanical mechanisms (eg. tuning or band changing), PHILIPS RADIOI
whereas repairing could extend to woodwork/re-finishing and metal =
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cabinet repairs, and that both these are subsets of ‘restoring’. It is one thing to find a
fault, yet another to undertake a satisfactory repair, but restoration implies that the set
being worked on is in a delapidated condition and it is desired to bring not only the
electrical performance of the set up to par, but also its physical condition. However,
restoration does not necessarily mean restoring the set back to original condition — at
least not in my book — but to a condition that the owner finds acceptable, ie. a balance of
level of effort, cost and desired result. In this article I concentrate primarily on the
electronic fault finding component, and separate Tech Short articles deal with actually
effecting the repairs and restoration techniques and tips.

not ‘rocket science’: it is a mixture of the application of
technical knowledge, logical problem solving/deduction and
experience. | cut my teeth on the subject at a time when I was
very eager to learn (I took radio books to bed), soaked up
information like a sponge, had mentors close at hand and was
able to work on valve, hybrid and solid state equipment, both
domestic and amateur. The basic techniques of fault-finding
and repairing were, by necessity, developed very soon after the
first radio sets were produced — this was seen as a ‘boom’ area
for technically-inclined individuals to make a respectable living
from the late-1920’s through to at least the 1960’s. Soon after
this, domestic electronic equipment started to become “disposable’, ie. when the
economic reality tended towards replacing a piece of equipment in its entirety rather than
to attempt a repair: a condition that came about because of significantly reduced cost of
new equipment, usually originating in the far east with much lower production costs,
increasing labour costs in the west (eg. UK, Canada
and US), changing expectations of ‘consumers’ (the
instant gratification, ‘I want it now’ syndrome), as well
as the increasing complexity of the circuitry, prevalence
of integrated circuits, the digital revolution, non-
availability of spare parts, poor physical circuit design
and flimsiness of construction (ie. not intended for
servicing). So much for sustainability... oh, well,
enough of my ranting.

Before You Start...

Remember - Safety is paramount: valve radios contain lethal
voltages and must at all times be treated with respect and caution.
Therefore always double-check whether power is being applied to
the set, on any temporary connections made for testing purposes,
and never hold on to/touch the receiver chassis with one hand when
probing around with the other (put your ‘spare’ hand in your pocket). Even after
power is removed, electrolytic capacitors can hold a charge for long periods that can
shock you when your guard is down. Safety is paramount.
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Basic Fault finding Techniques

So what are the basic fault finding techniques? and are some better than others? — the
short answer is that a combination of techniques is usually the best approach to most fault
finding in electronic circuits. The basic techniques are:

e Hunches
e Educated guesses
e Diagnostic methods, including:

- Voltage measurements
Current measurements
Resistance measurements
Signal tracing

Hunches and educated guesses can actually
work very well for experienced service
technicians: they have seen the same set in
their workshop many times with similar
‘symptoms’ and recall what was wrong, or
apply knowledge of one set type to similar
symptoms exhibited by another. This level
of experience can pay dividends in terms of
saving time in a commercial repair business
(‘Johnnies World’, where 8 to 10 successful
' service calls were made each day). The
average amateur set repairer, however, will
only work on a radio once every few weeks
or even much less frequently, and such a ‘second-nature’ or “sixth-sense’ is not formed.
Also, the time element is probably not such a pressing issue (and the frustration of
making non-educated guesses and bad hunches is depressing — so don’t go there!):
diagnostic techniques are really the only way for most mere mortals to go.

Homework

Like most processes of investigation, the more general background knowledge you can
acquire the better. However, once you have a set to repair, it is time to “‘get specific’: try
your best to obtain at least the circuit diagram for the set, preferably a manual, with
alignment instructions and published specifications — this information is invaluable in
assisting in understanding how the radio should work. Sources of such information are
many (see Reference section at the end of this article), and include:

- ‘Radio and Television Servicing’ manuals (Malloy & Poole) — useful for post-
war UK domestic sets (including Eddystones): single volumes and full sets of
these are often sold on EBay and extracts dealing with Eddystones can be
downloaded from the EUG web site
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- Riders ‘Perpetual Troubleshooters’ — for
US Domestic Sets oo dld

- Beitman ‘Most Often Needed Circuit
Diagrams and Servicing Information’
series — for US Domestic Sets

- Marconi Service Manuals — for US and
Canadian Domestic Sets

- RCA Service Manuals — for US and
Canadian Domestic Sets

- Radio College of Canada publications —
for Canadian Domestic Sets

- Canadian Radio Circuits Database Vol. 1 and 2 - CD ROMs (Whirlwind
software)

- Just Radios (http://wwwijustradios.com) for Canadian, US and some UK
domestic sets (also stock a supply of components, in particular good quality
capacitors at reasonable prices)

- Mauritron Technical Services (http://www.mauritron.co.uk) for a huge
selection of UK, US and European sets

- Boatanchor Manual Archive website (http://bama.edebris.com/manuals/) —

free downloads of a wide variety of UK and US circuits for communications
receivers

Many of the above can be sourced on CD ROMs or as
original paper volumes on EBay, see Reference section of
this article for more details.

Once obtained, spend some time studying the circuit
diagram, carefully “thinking it through’ as to how the set
works — especially with more complex sets, reading any
circuit description (some Eddystone manuals do a good job

- # of this, eg. S.830 series, others do not) and any alignment
|nformat|on prowded If a “voltage table’ is included, use a pencil to jot these directly
onto the appropriate points on the circuit diagram — this saves time when doing voltage
checks later. The IF frequency(s) should —
be specified in the manual, as should the '
various recommended ‘spot’ frequencies
on which alignment is carried out for that
particular set.

If the set’s manual and/or the circuit

cannot be obtained from any source, then

the ‘last resort’ is to either ‘trace’ the +
circuit, ie. based on your background
knowledge of radio circuitry and

component types and layout, identify the

main circuit elements and then
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painstakingly draw-out the circuit by identifying components and the connections
between them — a form of ‘reverse engineering’. My first experience of undertaking an
exercise in “circuit tracing’ was in my youth with a *19-Set’, donated to me by my uncle
George — this was a military HF/VHF transceiver used in tanks and other army vehicles
in WWII. It was an interesting, if a bit frustrating, intellectual experience that | have
repeated many times since then (though not on 19-
Sets, for which I eventually tracked down a manual
and circuit — albeit some time after | had the set
working): my nose was poked for so long into that
set that I can still smell the fusty old wax-coated
wiring when | think about it. My last such exercise

' = - was on my Supreme signal genny: quite a bit easier
than the 19 Set but hey I am not 15 any more. If you are faced with this somewhat
daunting exercise — use logic and the following process — with a bit of practice it can
actually be a bit of “fun’ for the more masochistically inclined, with a smug smile
appearing once you have ‘sussed it’:

Identify the main circuit stages and layout of circuit elements in:

RF stages: eg. tuning gang, bandswitch and small RF transformers

IF stages: eg. IF transformer cans, selectivity/crystal phasing controls

AF stages: eg. AF gain control, output transformer

Power Supply: eg. mains transformer, choke, smoothing capacitors in cans

The valves associated with each of these stages can be identified by their type
and/or by tracing the wiring back to the valve sockets. If the valves are still
present, and assuming they are in their correct sockets (in sets of uncertain
provenance they may not be, as the former owner has perhaps tried swapping
them around to try to get the set working...), identify the socket connections using
valve information from one of the resources noted in the ‘Valve Lore’ Tech Short
an/or by using your knowledge of basic circuit principles, eg:

- the output transformer primary winding will be connected to the output
valve(s) anode, its secondary winding(s) to the speaker
connections/headphones socket;

- the AF gain control will be connected between the detector(s) and the first
AF stage;

- the IF transformers will be connected between the mixer/IF amplifier
anodes and grid of the following stage;

- cathode resistors will generally have relatively low values (75 - 500 ohm)
and connected to ground, usually bypassed with a capacitor. RF/IF gain
controls will usually connect into the cathode circuits of RF and/or IF
stages;

- screen resistors are generally 47k — 270k ohms, connected to an HT line at
one end and the other end usually decoupled to ground with a capacitor
(0.01 to 0.1uf);

- AGC is applied via high-value resistors (250k — 500k ohms) onto the grids
of the RF and/or IF stage valves (sometimes also to the mixer stage);
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- Note that Eddystone sets have a wiring colour code that is really useful:

AC Mains Grey

HT Red
Anodes Light Blue
Grids Green
AGC Pink
Heaters Yellow
Negative to Chassis Brown
Chassis Potential Black
Other White

Tips for successful circuit tracing: drink plenty of tea, do not drink
plenty of alcohol (no matter how tempting when things are not making
sense), use plenty of light, including a small flashlight and dentist’s
inspection mirror to access awkward spaces, use graph paper and a
pencil to draw out the circuit, do not get distracted, eg. by keeping an
eye on the TV or talking to a friend and, above all, be patient (and drink
more tea). Your first attempt may look a bit like a spider’s web, but it can be re-drawn
later in a neater and more logical layout once the circuit is understood. Interestingly,
undertaking this level of inspection of a set can often identify fault, or potential fault,
issues such as dry joints, shorts/open circuits, frayed connections, dirty switches, poor
insulation, roasted resistors, leaky capacitors etc. that would otherwise go un-noticed and
can thus pay dividends. Also by the time you are finished you will certainly be familiar
with the circuit!

The next piece of ‘homework’ is to assemble the
necessary tools and test equipment to undertake
the actual fault-finding and repairs (see Tech
Short on Test Equipment for tips on what is/is
not needed). For the purposes of this article |
have assumed that at least the minimum of
‘practical’ level of test equipment is available,
including a good-quality multimeter, a service
quality RF/AF genny(s) and a VTVM. The use
of an oscilloscope in radio fault finding is
covered by a separate Tech Short.

Hand tools are really a matter of personal preference — we all have our favourites (or
leftovers), but the minimum should include a set of screwdrivers of varying sizes/lengths
and tip styles, at least one with an insulated shaft to avoid shorting (this can be added to
any by applying heat-shrink insulation), a good set of wire snips (don’t skimp here), a
couple of pairs of pliers (one pair of ‘needle-nose’ type), tweezers, a 35w soldering iron
(or similar, or better, one with a temperature-controlled tip) plus a high-wattage solder
‘gun’, a set of alignment tools (see the Tech Short on receiver alignment for these), a de-
soldering tool, a selection of different coloured wires with insulated ‘croc’ clips on either
end, etc.
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It is also useful to have a small selection of spare ‘generic’ passive components available,
not necessarily so that they can be used to effect the actual repair, but as temporary
substitutes during the fault finding process. Start off with the following: a high-voltage,
high(ish)-value electrolytic, say 16uf @ 500vw, a low-voltage, high(ish)-value
electrolytic, say 50uf @ 50vw, one of each of 0.1uf, 0.05uf, 0.01uf, 0.005uf, 0.001uf,
500pf, 50pf, 5pf capacitors (or similar values, all at 630vw), 100 ohm and 500 ohm, 10w
resistors, a selection of 1w resistors from 10 ohm through 750kohm, selection of 0.5w
resistors from 1mohm to 20mohm. Regarding valves, it would be uneconomic to retain a
spare for every possible receiver that could end up on your workbench, however, if you
have a limited range of interest, eg. only post WWII Eddystones, then it is possible to
keep a dozen or so of the more common ones in stock (eg. | would suggest one each of a
12AU7, 6AT6, 6BA6, 524G, 6AJ8, 6AQ5, 6AKS5, 6BE6, 6C4, 6AL5, VR150, 6AMS5 and
ﬁ 6ES8 for later models, and a set of the ‘U’
. series if you have an AC/DC receiver: see
g él i f %ﬁ ™ ﬁ the Tech Short on Valve Lore for further
i } L ;
L W i discussion). | would also suggest keeping
a few 1N4007 rectifiers and maybe an
OA91 or GEX34 signal diode in the spares box. | have over 20 valve radios in my
collection (alas, not all Eddystones by any means) and | certainly do not have a full set of
spare valves for each one — however, I did invest in a valve tester to assist in identifying
faulty valves, and I know that | can source and receive a replacement valve within a week
or so if needed, either from local sources, web stores or on EBay.

First Things First - Safety Checks

Valve radios contain voltages that can shock, hurt and kill: always treat them with due
respect and caution.

\

When you have a valve receiver on your bench, always give it a check-
over for safety-related issues, especially if the set is new to you. Such
checks, made with the set unplugged from the mains, should include:

e Mains lead and plug: check for poor/decayed or damaged insulation, frayed or
loose wires, correct wires connected to each pin, etc;

e Fuses: check that the correct amperage fuse(s) and type (slow or fast blow) is
installed in the plug (if applicable), or in fuseholder(s) in the set;

e With the cabinet removed, take a look under the chassis and trace the route of the
mains wires. If the cable enters via a plug/socket arrangement, check that the
insulating is ok and that no shorts or frayed wires exist. If it is an Eddystone set,
make sure you are happy with the safety standard of the “kettle plug’ connector, if
fitted — if you are not sure, remove it and replace it with a modern *Euro-
connector’ type (see the sidebar in my S.830/4 restoration article for details of
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how to do this). If the cable enters the set via a rubber grommet, make sure that
this is in good, supple condition — if not, replace it;

e Check the cable-anchoring system: if this comprises a knot in the wire, make sure
that the cable is in good condition around the knot (consider replacing the knot
method with a proper cable anchor, or even a plastic cable tie, tightened around
the cable — cheap, simple and it works well);

e Trace the mains leads to the on/off switch and/or fuseholder(s), making sure that
the connections to the switch are good and no loose/frayed wires or shorts exist.
With an ohmmeter connected to the live and neutral pins of the mains plug, check
operation of the on/off switch by observing the response on the meter when the
switch is operated,;

e With the ohmmeter connected between the ground pin of the mains plug, check
the resistance between it and the live and neutral pins (mains switch in the ‘off’
position): in sets with a double-pole mains switch, there should not be any
continuity measured. In sets with a single pole mains switch, depending on the
radios specific circuit, continuity may be present between neutral and the ground
pin, but not between live and ground (Note: some sets would not be considered
‘safe’ by present-day standards, even when working perfectly as designed, so
be wary of this and take adequate precautions). AC/DC sets should be
considered a ‘special case’ and | would recommend reading the Tech Short on
AC/DC sets for further information — if you have an isolation transformer
available, use it to connect an AC/DC set to the mains supply when the case is
removed from the chassis. If anomalies to the expected results exist when the
circuit details are considered, perform further checks against what the circuit
diagram would indicate should occur until you are certain that it is safe to apply
power;

e Finally, give the underside of the chassis a ‘once-over’ for any obvious shorts,
loose wires or components etc., and correct as necessary.

VA 4 & &

Fault Finding Methodologies

In the early days of radio there were several different schools of thought as to how to go
about finding faults in radios in a logical manner. The basic methodologies developed
were:

e Symptomatic diagnosis: a radio can be thought of a ‘patient” and you are the
‘physician’ (general practitioner) attempting to diagnose an
illness by observing symptoms and applying your knowledge and
experience with the minimum of tests. Sometimes this works
really well and has quick results, eg. you note that the output
valve is cold when the set is switched on, so you pop in a new
valve and the set springs to life. Even if things are not that
straightforward (they seldom are), heeding the type of fault and
how it developed, either by your own or the sets owners
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observations, can help significantly in expediting identification of the fault.

e Substitution: simply replacing suspect faulty components with known good ones.
Valve and fuse substituting is one of the easier forms of this method, although a
similar philosophy can be applied to all other components, though with much
more effort. It is really a very inefficient (and costly!) method if used on its own.

e Resistance measurements using an onmmeter: undertaken with the set
switched off - primarily checking the static condition of passive components eg.
transformers, chokes, coils, resistors, solid-state diodes and metal rectifiers,
switches, potentiometers and, to some extent, capacitors. Valves can only be
tested for internal dead-shorts and blown heater elements using an chmmeter.

The actual operation of the receiver cannot be tested by this technique and it
therefore has limited value by itself. In any case, be mindful of parallel resistance
paths through the circuit, some of which may not be too obvious, as these can be
very misleading unless one end of the component being tested is disconnected
from the rest of the circuit.

e Voltage measurements using a voltmeter: undertaken with the set switched on -
this technique provides some general indication of whether circuits are operatlng
in accordance with their design, but it is only the DC - e 3
conditions that are normally being tested by this technique,
which is therefore of limited use by itself. Some
manufacturers, eg, Eddystone, helpfully provide a table of
typical voltage values taken at key points in the circuit — be
careful to use the correct sensitivity of voltmeter however,
as failure to so can mean that the voltages you read are
significantly higher or lower than those cited. Also be
careful to set up the receiver exactly as described when
taking such measurements, eg. this may specify RF gain fully on, AGC off, BFO
on, Range 1, aerial shorted to ground etc.

e Signal tracing: undertaken with the set switched on - this technique is the most
logical and useful either for identifying the faulty stage in a completely ‘dead’ set,
or for isolating the faulty stage in a partly-working receiver. In this technique, a
suitable signal is first ‘injected’ into the radio circuits, working backwards from
the AF stages towards the first RF stage. As injection progresses in this manner,

the set will

MIXER I-F DET. A-F
eventually stop A - - ':q
responding to i S T

the injected
signal, the faulty
stage thus being
the one between
the last one y Y A I 3
working and the ] i

first one not (8)
working.

Dynamic troubleshooting snalysis may be divided Imto signal-tracing and
signal-injection methods, (AY illustrades the signaltrasing ayetem and (B) shows the
signal-injection aystem.
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In practice, a combination of all the above techniques is the best: eg. voltage and/or
resistance checks for the power supply stage, followed by signal tracing to isolate the
faulty stage(s), followed by voltage and/or resistance checks to isolate the faulty
component(s) in that stage. Sometimes, multiple faults may exist, especially in sets
that have not been used for many years and where component ageing has become a
factor — unfortunately the case in many Eddystone valve receivers, even if they have
been little used over the years.

The “professional’ service procedure as used in most radio service shops is
summarized in the diagram below (from ‘Profitable Radio Troubleshooting”) — with
the exception of the ‘customer’” and *service charge’, it is just as applicable to fault
finding in your own sets:

Combined Fault Finding Procedure

1. lizten to the customer's comglaint.

i
2. Confirm the customar's complaint,
3. Inspect for abvlous external clues,

Test inctrumeante:
d. Multimerar.
b, Signal generatar.

4. Perferm directed tests:
a. Isolate the defective sectionr.
b. isclate the defective stage.

Krnowledge of cle-
cwvits and of possi-

¢, Yacuom4ube volt- ble eauszas for the

£ leolave the defestive cireuit. “ L
meter. = . | defect may =limi-
d. lsolots defective compeonents, .
d. Signal fracer. nate sore sheps in
e. Cathode-ray i this procadure.
oscilloscopa.

5. Carrect the defect:
a. Hepoir or regluce defective components.

4

&, Air check:
¢. Check that defect iz gone.
b. Check that ne new defects sxist.

4

7. Determine the serrvice charge.

. Summary of the professional service procedure
The general combined fault finding procedure that I use is as follows:

1. First ascertain that the “fault’ is actually a problem with the receiver, ie. not

related to the mains supply, aerial, feeder, connectors, atmospheric interference,
man-made interference (at RF or mains-born), local to where/when the receiver

10
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was being used, or even a defective or incorrect impedance speaker/open or
shorted speaker connection(s);

2. Carry out the basic safety checks as described above, modifying as necessary to
suit the circuit and receiver model;

3. If the set appears to be completely “‘dead’, refer to the appropriate ‘Specific
Faults’ section below;

4. Ifthe setis ‘alive’, ie. is operational, but has a problem, eg. hum, hiss, ‘putt-putt’
sounds, crackles, frequency drifting/jumping, low output, distortion, incorrect
frequency displayed, go to the appropriate ‘Specific Fault’ section below, and if
the development of the fault from onset is known, take heed of what the set owner
reports/you are aware of, eg. did it develop suddenly/over time, occur only at
certain times, after a period of being switched on etc?

5. If the set is apparently non-operational, but the valve heaters are glowing, then
first check for appropriate mains transformer secondary AC voltages; if these are
present and correct, check that a suitable HT (DC) voltage is present on the
smoothing capacitors — if it is not, check that the rectifier(s), HT choke and the
smoothing capacitors are ok. Once the correct LT and HT voltages to the set have
been confirmed, set up your signal genny and;

6. Inject an AF signal (eg. modulation tone) into the first AF stage, usually at the AF
gain control slider: if a strong signal is heard from the speaker, this would indicate
that all is well from the AF gain control onwards through the audio stages,
including the speaker. If no audio or only weak and/or distorted audio is heard,
then there is a fault in the AF amplifier stages or the speaker. To simply test that
the AF stages are working (not for distortion or poor frequency response), try
placing a finger on the slider with the AF gain control turned fully up —a loud
hum or buzz should be heard from the speaker if the AF stages are functioning
(though not necessarily correctly). Check the speaker on a known good set;

7. If no response or only a faint and/or distorted response is heard and the speaker
checks out ok, then a fault most likely exists in the AF stages: refer to the
‘Specific Faults’ section below;

8. Next check that the IF stages are working ok. Short out the LO section of the
tuning gang capacitor to stop the LO working (use a short wire with croc clips on
either end) and connect the RF signal genny (internal AF modulation on at ~30%)
to the anode of the mixer valve via a 0.1uf capacitor, or as specified in the set
manual. With the AF and IF (if fitted) gains turned fully up, swing the signal
genny slowly through the specified IF frequency for the receiver. If the set is dual
conversion, start with the second IF frequency and the second mixer stage — once
this is confirmed working by hearing a response in the speaker, re-set the genny
and move on to the first IF and mixer stages. A ‘short cut’ often used in busy
service shops in days of yore was to connect the signal genny to the aerial input
and inject the IF signal into the mixer or RF stage, there being enough stray
coupling through these stages in many domestic radios to still leave sufficient of
the injected IF signal at the input of the IF stage to confirm if those stages were
working — if so, following an IF alignment check, the signal genny was then
adjusted for the RF stage checks/alignment without changing the connections to
the set (must have saved at least 30 seconds!). This technique has a second, and

11
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10.

11.

12.

perhaps more useful, benefit in that no temporary (minor) de-tuning of the first IF
transformer occurs due to loading by the signal genny, however, in sets with high-
Q RF transformers, one or more stages of RF amplification and good inter-stage
screening (ie. as in many Eddystone sets), it can be difficult to push sufficient IF
signal through the RF stages unless ‘brute-force’ signal levels are applied, which
can result in undesirable non-linearities in these stages that detracts significantly
from any perceived advantages;

If no response, or only a faint and/or distorted response is heard at this point, then
a fault most likely exists in the IF or detector stages, or in AGC function: refer to
the “Specific Faults’ section below;

In receivers with a beat frequency oscillator (BFO), its operation should be
checked once the IF stages are confirmed to be working: switch off the signal
genny modulation and a heterodyne beat should be heard when the BFO is
switched on. If it isn’t, check that the BFO valve heater is glowing and that HT is
reaching the stage (a faulty BFO on/off switch can be the culprit). If these look
good, check the valve by substitution, if a spare is available, and try tweaking the
BFO coil. If this still does not effect a cure, check the BFO circuit passive
components: refer to the ‘Specific Faults’ section below;

Next check the LO(s), in the case of double conversion sets, starting with the
second LO. An easy way to check this is working is to use a second receiver, if
one is available, coupling its aerial into the LO circuitry by either “stray’ coupling
or by a very small capacitor (a few pf) onto the anode of the mixer or LO valve.
The second receiver is then tuned across the nominal LO frequency, which should
be the RF frequency being tuned, offset by the IF frequency of the set (in dual
conversion sets, the second LO frequency may be above or below the first IF,
offset by the value of the second IF — check the receiver manual for details). In
the case of most broadcast band and shortwave sets, the LO will be running high
of the dial frequency of the set, eg, for a tuned frequency of 2.65MHz on the
receiver dial and for an IF of 450kHz, the LO (in a single conversion set) will be
running at 3.1MHz. This is not always the case, however, and if possible check
with the receiver manual. If the LO signal cannot be found where it should be,
then first suspect the LO valve and try a substitute if one is available. If the LO is
still not working, check the voltages in and around the LO/mixer stages — if they
are outside tolerance, suspect a passive component: refer to the ‘Specific Faults’
section below. One method of performing a quick check on whether an oscillator
is working is to check the cathode or anode current by measuring the voltage
across the relevant resistor and seeing if it varies when the LO section of the
tuning gang capacitor is shorted out — if it does, it is likely that the stage is
oscillating. If the LO is working, but at the incorrect frequency, refer to the Tech
Short on receiver alignment for the necessary procedure;

The final check on basic receiver operation is to check the mixer and RF stage(s)
are functioning. By this time there should be some discernable noise from the
speaker with the receiver gain controls turned fully on - a mixture of faint hum
and hiss, and maybe a few of the stronger local broadcast stations - even if the RF
stage(s) are faulty. Connect the signal genny to the signal grid of the mixer stage
with a small capacitor (0.01uf or less) and tune it and the receiver to the same

12
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frequency, away from any known strong local stations. If the genny signal cannot
be heard, try tuning the receiver above and below where the signal should appear
(or vice-verse). If a weak signal can be heard, then refer to ‘Low Output’ section
below. If no signal can be discerned at all, check the mixer valve by substitution,
if a spare is available. If this still does not effect a cure, check the mixer circuit
passive components: refer to the *Specific Faults’ section below. If the mixer
appears to be working ok, connect the signal genny to the aerial socket with a
small capacitor (0.01uf or less) and tune it and the receiver to the same frequency,
away from any known strong local stations. If the genny signal cannot be heard,
try tuning the receiver above and below where the signal should appear (or vice-
verse). If a weak signal can be heard, then refer to “‘Low Output’ section below.
If no signal can be discerned at all check the valve(s) by substitution, if a spare is
available. If this still does not effect a cure, check the RF circuit passive
components: refer to the ‘Specific Faults’ section below.

It is interesting to note the order of frequency of component failure in valve receivers
(after ‘Profitable Radio Troubleshooting’) — this serves as a guide in priority of checking
components in the *Specific Faults’ section below.

Hems Becoming Defecfive Freguency of Defecl
Tulses &0
Filter condensers 105+
Byposs condensers o
Resistors 55
Volew coils 40
Bod zannecHons 3%
Yolume contrals 3%k
Cutput tronsformers Vs
Coils 184
Bod cuntacts 1 %7
Fower transformers Voo
Others 14k

Table showing per cent of times varicus defects ceour in rodio 1ets

Specific Faults
Once the faulty stage has been isolated, the next step is to track down the faulty

component(s). This is usually down to a dozen components or less. There are a
number of specific faults that are evident by distinct ‘symptoms’. These are:
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Set Completely ‘Dead’

Meaning no signs of ‘life” at all, ie. dial lights unlit, valve heaters not
glowing/heating, no noise or hum from speaker. First check the fuse(s), if present
and on some Eddystone sets (eg. S.740, S.750, S.770R, S.830), check that a
correctly-wired Octal/Jones plug is inserted in the appropriate socket on the rear
panel of the set (this has even caught me out after a long day...). Next, check that
the AC power is being fed into the set: use an AC voltmeter to check voltage on
either side of the
fuseholder(s), then on
\ either side of the

CHECK CONMECTIONS
AMD INSULATION

N swnct Eiirmury  sTTON OF mains switch, then the
| 15K CHassis transformer primary.
CHED H
POWER 41 g“*mg;ﬁﬁ%omn If the appropriate AC
eneex oo ¥ o ome voltage is not present
ACROSS LINE FLUG | W " REGEVER END OF CORD on any of these
AND SWITCH OFF i

locations, identify the
cause and correct
Dingram illusirating the checks which can be made for trouble o the primary (SUSpeCtS are a blown
a=e cirouit of 8 recciver, .
fuse, broken wire,
poor/corroded connection, bad switch or corroded fuseholder).

If voltage is getting to the mains transformer primary, check the AC voltages on
the transformer secondary: the HT windings should be in the 250v-0-250v AC
range in most Eddystone valve receivers and the LT voltages should be 6.3v AC
and 5v AC (rectifier). If neither of these are present, this could be bad news,
indicating that there is probably a problem in the mains transformer (likely an
open circuit primary

PLATE AKD . .
» s | S e winding — very bad
Wl ,;\“-‘g_-_ BT ] e s news). If the LT
@ (Smcer ‘é voltages only are
as L present, the HT
B T oL rmacve secondary may be
Rsc%gggaﬁm ks CHECK FOR THGuBLEs open circuitand
poven SR BMSS ool vice-verse — this is
(s Y e still bad news, but
i — - may be recoverable,
INDCTORS, | SIB d di th
b | MRt A SWITCHES CIREUITS ependaing on the
TR N transformer design:
UN=FF SWITCH GHECKSLT&GE Edd
some Eddystone
e i & E@ . sets are fitted with
'_ ] an oversize mains
1 - R CIRCUIT DISTURBANCE, transformer that has
A ~ AND ELIMINATION unused heater
ric. vz Dingram (llostrating the logeal eheeki redure | dead iver. Th H H
sequenes of steps starta with the pnv:'e{u:ce;m];u: }:ﬂ:low:f]i)nl't.aun; prt:::;:etl..uwarg Wlndlngs and extra

the right as cxplained in the text,
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taps on the HT winding. If your set has these, and they are functional, it may be
possible to re-wire the transformer to get the set working, though maybe with
slightly reduced HT voltage. If the LT windings are not working, and there is not
a spare winding available on the transformer, a small low-voltage transformer can
be purchased and fitted (6v transformers are widely available from many
suppliers). Alternatively, a replacement power transformer can be sourced either

from the EUG site, or from suppliers of ‘antique’ radio spares, eg.
http://www.tubesandmore.com, or direct from manufacturers (eg. Hammond).

‘Dead’ Stage

In many ways this is the
easiest fault condition to
diagnose and repair: first
check the voltages around
the valve(s) in the faulty
stage identified by the
signal tracing
methodology described
above (Eddystone
manuals usually have a
voltage table for key
nodes in the circuit, or as
noted on the circuit
diagram. None-
Eddystone sets servicing
data also frequently
includes this
information). However,
if this information is not

LOCATION OF DEFECT
SIGNAL STOPS HERE

¥
SIg:L
GENERATOR INJECTED
2 SIGNAL
A} Trocar probe moved step-by-step
( 1 from front and of receiver
toward lcudspecker
LLOCATION OF DEFECT
{8)

Leads from signal generafor —&——
moved from point to point from
+ha loudspeaker toward
the anfenno

ZBIGNAL
GENERATOR

Crmparison between the signal-tracing and signal-injection methods. (A) In
thesignal-traving method, the signul is injected into the front end uf he recciver, und the
trueer is applicd 8t various points, moving from the antennw cirouit toward the lond-
speaker, until the signal dissppesrs, (B) For sigual-injection metiod, the lead frem
the signal generstor is touched to various points from the loudspeaker back toward
the antenna connectiong antil ne sigral iz heard or indieated at the loudspealier or

loudspeaker cireuit.

available for the particular set you are working on, the following table provides
some ‘typical’ voltages for a range of circuit nodes in Eddystone AC-only supply
valve receivers (note: measured voltages depend on the sensitivity of the
voltmeter being used and on control settings, especially AGC and RF/IF gain
settings, as well as the band selected and mode switch settings — ensure that the
correct meter sensitivity and settings are used as specified in the model manual).
All voltages are DC, positive with respect to chassis, unless otherwise indicated:

Node

Typical Comments
Voltage

Mains transformer HT secondary | 250-0-250 | AC

Standard HT line

250 May be higher in many non-
Eddystone sets, up to 350

Stabilized HT line (eg. to LO) 150 Check type of stabilizer valve

for specified voltage

AF Output stage cathode

12
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Node Typical Comments
Voltage

AF Output stage screen 225

AF Output stage anode 230

First AF stage cathode 12 May change with mode setting
on some sets, eg. S.830

First AF stage anode 100 50 for 12AU7

IF stage anode 230

IF stage screen 95

IF stage cathode 1.5 May depend on IF (or IF/RF)
gain control setting — up to 45

LO anode 120 As low as 50, as high as 200

LO cathode 0 Depends on LO design

Mixer anode 200

Mixer cathode 3 May depend on IF (or IF/RF)
gain control setting

Pentode RF stage anode 230

Pentode RF stage screen 100

Pentode RF stage cathode 1.5 May depend on IF (or IF/RF)
gain control setting — up to 45

Cascode RF stage 2" anode 170

Cascode RF stage 1% anode/2™ | 90

cathode

Cascode RF stage 1°*' cathode 1.5 May depend on IF (or IF/RF)
gain control setting — up to 45

BFO anode 140

AGC bus 0to-10v | AGC on, depends on strength of
applied signal. Measure with
VTVM or DVM only

Heater supply 6.3 AC

Noise limiter heater supply 5 Models using this circuit only,

centre tap bias eg. S.830, S.770R

Rectifier heater supply 5.0 AC

If the voltages are within tolerance of those shown in the manual, or similar to
those shown in the above table, then it is likely that the DC conditions in that
stage are ok and that the valve(s) is working ok too. If the stage is the LO or
‘frequency changer’ (combined LO/mixer) stage, the valve may be drawing
current but not oscillating - suspect the valve, as some sets can be temperamental
once the valves characteristics have changed (aged) beyond a narrow tolerance
range. Then suspect decoupling capacitors on the screen and cathode, followed
by inter-stage coupling or tuning devices (capacitors or transformers).
Transformers in LO, RF or IF stages can suffer from the dreaded ‘green spot’
syndrome: open circuit or high resistance winding resulting from corrosion of a
connection or tap on the fine-gauge enamelled copper or Litz wire winding.
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If the voltages are outside the specified tolerances, use logic and/or perseverance
to locate the faulty part(s) — and also investigate and identify possible causes as to
why the part became faulty, eg. a low valve screen voltage may be due to the
screen resistor becoming high in value, or open circuit after failure, due to its
associated decoupling capacitor failing (shorting to ground) — in this case there
being no point in replacing the resistor without also changing the capacitor.

Low Output

There are many reasons why a set can have an
output lower than expected or as specified —
albeit this may be a subjective observation. At
least in this condition a signal is being received
and heard, thus providing ‘something to work
on’ and indicative that the major components of
the set are at least functional. First check the
obvious: is there a decent signal being applied to
the set and is a speaker of the correct (or close)
impedance and sensitivity being used? - be
careful of modern speakers — many are very insensitive and of a higher impedance
than valve radios were designed for, eg. Eddystones generally had a 3ohm output
impedance, and although an 8 ohm or 16 ohm speaker will work, the volume level
will be significantly lower.

Once it has been confirmed that the low output is due to a fault condition within
the set, work through the signal tracing procedure noted above, referencing the
following sections as necessary. Check that the specified output level (usually a
standard 50mW), as measured with an output meter across the speaker, can be
attained with the specified input level to the AF, IF and RF stages. A ‘weak’
valve or poor alignment of the IF and/or RF stages are obvious suspects, however,
before randomly trying new valves or undertaking re-alignment, | would
recommend doing some fundamental checks on operation of all stages first: sets
don’t suddenly ‘go out of alignment’, but tend to do so over prolonged periods
(years) unless a valve or other component has been changed in the RF stages. If
the set is new to you however, a ‘“mad twiddler’ may have ‘had a go’ and it is
worth taking a look inside the coilbox and inspecting the IF transformers to look
for any obvious signs of this activity, eg. broken seals, burred trimmer slots and
broken iron dust cores. Also in such circumstances, check that the valves are in
their correct sockets. If, following signal tracing and various diagnostic checks on
circuit operation, eg. voltage checks, poor alignment is still suspected, refer to the
receiver manual and the Tech Short on alignment to undertake this operation
correctly.

Hum

There are three forms of hum:
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- who’s volume stays constant when the AF gain control is moved;

- who’s volume varies when the AF gain control is moved;

- which appears only when a station is being tuned in (termed ‘modulation
hum?).

Constant hum is often a result of a power supply problem, most likely one or
more smoothing capacitors on the HT line becoming low in value or even open
circuit. Other causes of such hum, unaffected by the AF gain control, include a
low value or open circuit anode bypass capacitor in the first audio stage anode
circuit, or a heater to cathode short/leakage in one of the audio
stage valves. Check suspect smoothing or decoupling
capacitors by placing a suitable substitute in parallel with the
original components (use a couple of wires with insulated croc
clips on either end to do this, observing correct polarity of
electrolytics), replacing the faulty component once identified.
Do not be tempted to leave the original part connected, though
it may be left in place to preserve appearances, eg. in the case
of a can-type smoothing capacitor if a modern replacement is
fitted below the chassis. Other suspects include poor grounding |
(check for corroded grounding points), feedback capacitorsin &
the first AF and output stages, faulty valve sockets/wiring, tarnished valve pins
(try removing each valve and clean the pins with ‘Servisol’ or De-Oxit and re-
insert/remove a few times to clean the socket contacts).

Hum that varies with the .
setting of the AF gain control is o "
obviously entering the circuit 4 :
ahead of this control. One of 1 :
the frequent causes of this in L 159 00 o 04 f
sets with a valve noise limiter s0 l_{“' £ '
stage is via the noise limiter -‘—I"] '
diode (often a 6ALS5 in e - Eg
Eddystone sets). Eddystone :
took precautions to minimize this in some set designs, eg. the S.830 and S770R,
where the 6AL5 heater was supplied from a separate secondary winding on the
mains transformer, centre-tapped and biased a few volts positive with respect to
ground (red shade on circuit above, right). This heater bias circuit often fails with
one or more resistors going out of tolerance and/or the associated low voltage
electrolytic going open-circuit, or low in value, after many years — test these and
replace as necessary. Other causes include a heater to cathode short/leakage in a
valve ahead of the AF gain control, or even mains or heater wire-born hum
entering the detector circuitry by mis-dressed wiring following an earlier repair,
poor/frayed or corroded grounding connections (on earlier Eddystone sets, eg. the
S.740, check front panel and AF gain control grounding), or even via connections
to the phono socket, if fitted.

[ o

I L

OF wm
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Modulation hum, which appears only when a
station is being tuned in may result from cathode-
heater leakage in an RF, LO or mixer valve, or by
= open-circuit or low value screen and/or cathode
= bypass capacitors in the RF, LO or mixer stages of
the set, as well as poor grounding, or poor
" soldered or mechanical connections in these

. stages. Check suspects by placing a suitable
substitute in parallel with the original components
= (use a couple of wires with insulated croc clips on
either end to do this), replacing the faulty
component once identified. Another cause of this
form of hum is a failed suppression capacitor(s) in
the power supply circuit (normally these
components are in the range 0.01uf to 0.05uf, see photo, above). When
testing/replacing these, select replacement components with adequate voltage
rating, remembering that they are in an AC -
application where transient spikes present on
voltage peaks may be two or three times the
RMS value — so use 1600vw parts for 240vAC
and 1000vw parts for 120vAC mains.

Another cause of hum may result from electrical
‘tracking’ across a valve base which produces a
high-resistance connection between the heater
pins and one or more of the other valve pins.

Distortion

Audible distortion usually originates in the detector and/or audio stages of a
receiver. Distortion can also occur in RF and IF stages, but the result often tend
to be inaudible in the normal sense, but can result in other effects such as
‘frequency distortion’, caused by an uneven IF response across the receiver
passband, ‘lop-sided’ tuning, with one sideband becoming distorted due to the
steepness of the *skirt’, or “inter-modulation distortion’, caused by non-linearity in
the RF and/or mixer stages due to overloading or improper bias conditions in
these stages. The latter condition can result from defective AGC operation,
usually resulting from a leaky AGC by-pass capacitor. This is a high-impedance
circuit and even a very small leakage in this capacitor can cause problems — check
with a VTVM, or simply replace it as a precaution.
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Distortion in the audio stages of a
receiver can result from several
causes: inter-stage coupling
capacitors, cathode by-pass
capacitors, grid leak, anode and
cathode resistors are also likely
culprits, as are the audio valves
themselves, especially if the
distortion commences some time
after the set was switched on —
this possibly being attributable to
secondary emission from the grid
of a valve. The inter-stage
coupling capacitors should be the -
first suspect(s) as these have to malntaln a voltage separation between the
negative grid voltage on one stage and the high positive voltage on the preceding
stage: even a high DC resistance within the capacitor will cause the grid of the
second stage to become positive and thus severely affect the bias conditions of
that stage, causing distortion, and in extreme cases, the anode of that valve to
glow red hot/valve to fail. The paper dielectric capacitors often used in this
application frequently become leaky with age and many folks replace them as a
matter of course - use a high-quality ceramic or Mylar dielectric part with an
adequate voltage rating.

Frequency Drifting or Jumping

This can be a very annoying fault condition. Drifting, to a certain extent, is
‘normal’ for valve receiver until the set attains a stable state after switch on (see
Terry Parker’s article on the behaviour of an S.750 receiver and Graeme
Wormald’s article on the S.940 in Lighthouse Issue’s 94 and 78 respectively).

Manufacturers often designed the layout/ventilation of their sets to promote rapid
thermal stabilisation, as well as including temperature compensating components
in the sensitive circuits, normally by inclusion of a negative temperature
coefficient capacitor(s) in the local oscillator(s) (LO) tuned circuit. If your set
continues to drift significantly after the first hour or so - to the point that stations
have to be re-tuned to maintain comfortable listening - then it is probably worth
checking out. First check that adequate ventilation is provided to the set and it is
not in an overly-drafty location. Also check that any internal protective screens
are in place around LO components, including the tuning gang, if applicable.
Also check that there is nothing affecting the tension of the dial cord (I once had a
set that drifted due to a binding tension spring slowly releasing tension and the
dial cord then incrementally turning the tuning gang by enough to cause the
station to go ‘off-tune’ — an effect that occurred for several minutes after release
of the tuning knob). After any ventilation and/or mechanical issues have been
checked and eliminated as potential causes, the primary suspects are any
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capacitors in the LO tuned circuits, the LO and mixer valves, the LO and mixer
valve sockets (check for discoloured areas on the sockets that may indicate that
‘tracking’ has occurred), condition of the iron dust cores in the LO coils and the
coil windings themselves. The bias conditions of the LO and mixer valves can
also affect stability, eg, try switching off the AGC and/or turning the RF/IF gains
down to see if that affects the stability — if it does, check bias resistors and the
AGC decoupling components. Even aged coax cable, eg. connecting the LO or
mixer to another stage, can induce frequency drifting as the internal or external
insulation and/or the outer braid can change capacitance or other physical
property with varying temperature, humidity or applied voltage.

Sudden jumps in frequency are often  E—
attributable to mechanical effects, eg. %

poor grounding of the tuning gang
rotor (check, clean and lubricate as
necessary and also check the condition
of any insulating grommets or
spacers). Other causes are faulty
capacitors or inductors that have
developed intermittent internal partial
shorts in the LO section. The LO
valve may also cause this effect and a
substitute should be tried.

‘Hissing’” Noises

The presence of a slight hiss is normal with valve receivers — it is caused by
random electron movements in components such as resistors and valves. With the
aerial shorted to ground, any hiss due to ‘cosmic’, ‘atmospheric’ and
‘anthropogenic’ sources is eliminated (apart from slight stray pickup in the
exposed receiver circuits) and ideally, any remaining hiss, from the receiver’s
circuits, should be negligible. In practice, however, in a multi-stage receiver the
hiss level with all gain controls fully advanced may be substantial and may
indicate a fault condition in the set: what is important though is the signal to noise
ratio of the radio — if the desired signal cannot be heard for the noise (and it
should be) you have a problem. Excessive hiss can result from several sources —
primary suspects are failing (or simply noisy) resistors, capacitors, or a failing
valve. Use the signal tracing method
to isolate the stage generating the
hiss and then identify the faulty
component by the techniques
described in this article. Suspect
anode resistors should simply be
replaced as these can check out as
being ok with an ohmmeter.
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‘Crackles’ and ‘Scratching’ Noises, Abrupt VVolume Changes

The stage where the noise occurs can be isolated using a form of the signal
injection procedure, the crackle acting as the injected signal. Crackles and
scratching noises and/or sudden volume changes are usually attributable to one of
the following:

- Dirty switch contacts:
signal switches that
have no DC component
often develop poor
contacts with time
(placement of a small
DC current through the
switch can help prevent
this). The condition can ~ R - 3§
usually be cured by spraying the switch contacts with Serwsol or
DeOxit’ contact cleaner. Multi-pole/sectional “wafer’ switches are
notorious for such faults as they are often carrying very low signal levels
and their contacts are exposed to all manner of potential
contaminants/oxidants — oil residues from lubrication attempts,
inappropriate contact cleaner residues etc. These should be cleaned usmg
a cotton-bud (Q-Tip) soaked in '
Servisol or DeOxit, and then
sprayed lightly with similar; a
dry cotton bud then being used to
remove any excess contact
cleaner and the switch ‘worked’
a few times;

- Dirty potentiometers; this
condition can usually be
identified readily by rotating the
offending control and listening to
see if the crackling noise changes
in response. If it does, the problem can usually be cured by spraying
inside the control with “Servisol’” or DeOxit” contact cleaner and rapidly
‘working’ the control several times: if it does not, replace the control. If it
is an RF or IF gain control however, be sure to use a wirewound
replacement part. If it is the AF gain control, use a log-law carbon track
part.

- A*dry’ soldered joint: these can often be identified visually (dull grey,
rough appearance), but not always. If this condition is suspect, start by
using the signal tracing method to isolate the suspect stage, and then try
tapping the joints in the suspect stage(s) with an insulated tool (eg. a wood
pencil, plastic alignment tool or piece of wooden dowel) — the problem
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joint can usually be found this way, but sometimes not. If still elusive, re-
solder all the joints in that stage to eliminate the possibility and then look
for other causes if the problem persists;

- Loose or oxidised mechanical connection (including crimped
connections), eg. in a capacitor or resistor, valve socket, transformer
winding or aerial connectors.
Remove each valve and clean
the pins with *Servisol’ or De-
Oxit and re-insert/remove a
few times to clean the socket
contacts. Valve sockets can
also develop ‘“tracking’ across
the insulation material,
whereby intermittent arcing can
occur, producing a hard-to-find |
source of crackles in receivers
— inspect carefully and clean
(sometimes replacement is the
only cure); and

- Faulty resistor or capacitor — try tapping with an insulated tool, heating or
cooling the suspect to see if a change can be induced. My favourite
suspects if the noise cannot be controlled with the AF gain control are the
anode decoupling or load resistor in the first audio stage, screen resistor or
associated decoupling capacitors.

‘Put-Put’ Noises (‘Motorboating’)

This is a form of low-frequency positive feedback, usually attributable to poor
bypassing or decoupling in the audio or detector stages of the receiver. Check the
power supply smoothing capacitors, any additional HT bypass/decoupling
capacitors that may be present (eg. local to the AF stages, in particular the HT
feed to the first AF stage), valve screen and cathode bypass capacitors and
resistors, as well as any feedback circuit components, lead dress and the integrity
of grounding points.

Squeal’s, ‘Rushing’ or Whistling Noises

Another form of positive feedback and may be present with or without a station
being tuned. If ‘tuneable’ these effects are likely caused by instability in the RF,
mixer or LO stages, usually through faulty decoupling of an anode, cathode or
screen resistor. If the fault is present throughout the tuning range and the AF gain
control can control its volume, suspect similar components in the IF stage. Also
check that valve screens are in place where they should be, that all grounding
connections to valve bases and decoupling capacitors are sound and leads are
dressed as close as possible to the original layout. If the AF gain control does not
affect the noise volume, suspect instability in the AF stages — again through a
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faulty decoupling capacitor, incorrect bias conditions, eg. through out of tolerance
resistors, and also a possible fault in a negative feedback loop.

‘Intermittents’

Intermittent faults can be the most frustrating to identify and cure with certainty —
they are often very elusive, appearing when you are not in a position to fault-find,
or they suddenly cease once you start to check what is going on... an application
of ‘Murphy’s Law’. The nature of intermittents are varied, as are their causes:
these range from the set going completely dead, through any of the above specific
faults occurring for a while and then reverting to normal operation.

First try to induce the fault condition: with the set operating, try ‘wiggling’ or
tapping valves, grid caps, the tuning gang and various other passive components
(resistors, capacitors, coils, transformers) and soldered joints with a wood pencil
or other insulated object — this can sometimes induce the fault condition - if it
does, change the component that seemed to have the effect or re-make the suspect
soldered joint. Another technique is to temporarily apply heat or cold to suspect
passive components, either by applying the tip of a soldering iron or heat gun for
a short period (seconds), or using one of the “cold spray’ products available in
electronic stores. Remove each valve and clean the pins with “Servisol’ or De-
Oxit and re-insert/remove a few times to clean the socket contacts. In Eddystone
sets, check the dial light bulb holders — these little blighters tend to short out to the
case (a good example of an |nterm|ttent fault condition that may be hard to flnd
when the case is off in
your workshop), and
sometimes when tuning
the receiver (the slider
momentarily catches
the connections when
passing), causing
crackles and dimming
of the bulbs.

If none of the above induce the fault condition, try leaving the offending set
switched on near your workbench when you are around so you can start working
on it as soon as the fault appears - from the symptoms (when the set misbehaves),
take an educated guess at the cause from the information in this article and rig the
set with one or two meters, recording voltage(s) in the suspect stage and recording
the normal voltage(s): when the set exhibits the fault, immediately glance at the
meters to see if any change has occurred — if it does, then you have located the
faulty stage at least and can track down the offending component(s) from there.
In the case of ‘fading’ sets (sets that progressively get “‘weaker’ with time since
switch-on), connect a VTVM across the AGC line (AGC switched on), and tune
in the signal genny — if the meter reading changes when the set ‘acts up’, the
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defect is in the RF or IF stages of the set: if it does not, then suspect the AF
stages.

The table at the end of this article provides a fairly comprehensive summary of common
valve receiver faults, their causes and cures. Reference to this and the above discussion
should prove helpful in diagnosing and fixing such faults. There will, however, always
be the odd, hard-to-find and/or fault that is specific to a particular sets circuit, component
layout, component type/manufacturer or mechanical construction. In such circumstances
the applied logic of signal tracing, application of your knowledge of the receiver circuit
and your experience should stand you in good stead to make some educated guesses as to
what the issue is and get to the heart of it without too much frustration....

Good luck and have fun: if/when you stop having fun, my advice is to leave the set well
alone for a day or two and then re-visit it — it is amazing what the subconscious mind can
process, the fresh pair of eyes can see and
rested hands can apply with positive results
after such a break. If this still fails to sort
things out, tap into others combined
knowledge, either by your local amateur
radio club or via various forums on the web
(eg. the EUG forum or others listed in the
Reference section of this article) — folks are

. usually only too willing
to help and there is a
wealth or experience out
there to share.

Conclusions

Fault finding in valve radios is usually a straightforward exercise in the logical
application of knowledge, which is helped and expedited by hands-on experience. Whilst
more ‘exotic’ faults are encountered occasionally, there are a multitude of “old chestnuts’
that appear time and time again — often specific to a particular make or model of receiver,
perhaps due to a type/make of component, eg. capacitor, employed in that set, the design
of the circuit, or the set layout tended to stress certain components. The savvy radio
repair tech learned these over the years and thus became more efficient and thus
profitable (many trade journals, and even some books, concentrated entirely on reporting
known ‘stock’ problems with particular sets, eg. ‘Radio Field Service Data’ and a large
section of ‘Radio Troubleshooting Handbook’ by Ghirardi in the 1930’s for US sets).
This type of issue is exemplified by the component-age related problems (bias resistors)
that beset cascode RF stages in some Eddystone sets (S.830, S.940 and EA12), or
premature heater failures in 6AL5 duo-diodes in other Eddystone sets as this valve’s
heater is run off its own LT secondary tap on the mains transformer, which therefore
tends to apply a higher voltage to this valve’s heater. The more exotic faults can be
extremely frustrating and can these days often result from age-related issues that are
poorly (or not) documented in period textbooks on valve radio servicing techniques — for
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example, one of the most frustrating faults | have encountered in
recent times was an ‘intermittent” in my 1940 Zenith AC/DC set,
finally tracked down to a rubber mounting grommet on the tuning
gang stator that could not normally be seen. This caused anything
from crackles, to intermittent complete silences (the LO had
stopped working) to frequency jumping and slow drifting — this
particular grommet had hardened with age (preferentially by heat
from a nearby valve) and was sometimes shorting to chassis and sometimes acting as a
small capacitor with properties that varied with temperature and ambient humidity. All
the visible grommets looked reasonably ok as they weren’t near a valve. Other hard-to-
find faults include those resulting from complete or partial shorts/open circuits in coils or
transformers (oft’ reported in ‘Lighthouse’ as the ‘dreaded green spot’ issue), shorts in
usually non-suspect silver mica and plastic film capacitors, and the ubiquitous dry joint.

So there you have it, a short lesson on radio fault finding: 1
have tried to pack in enough to get the novice way beyond
the ‘tinkering’ stage, but it really only scratches the surface
and there are many books devoted entirely to this subject.
The next step in the learning process is up to you - gain

Tl oy some more knowledge by reading one or two of these

g T books and a few of the recommended articles (see

References below) — for starters, | would certainly
recommend downloading and reading a copy of Elements
of Radio Servicing by Marcus and Levy from the web
(http://www.archive.org/details/Elements_Of Radio_Servicing), Chris Parry’s book on
restoration of valved HF radios (http://www.vk2bv.org/radio/parryl.htm), Graeme
Wormald’s 7-part ‘Duffers Guide’ (in ‘Lighthouse’ Issues 86 to 92), and Peter
Lankshear’s electronic repairs article (in ‘Lighthouse’ Issues 70 to 75). Then apply this
knowledge to a faulty set, working through the process described above: in the ‘old days’
of receiver servicing, a receiver would sometimes be ‘rigged’ with faults that the trainee
technician had to identify and repair — if you have a suitable spare receiver, a handful of
failed components, and a knowledgeable friend who can introduce the “faults’ into that
set for you, try this method for practice. Alternatively, try introducing such faults
yourself and observe the resulting symptoms first-hand, taking notes for future reference.

A final tip: start a “service record’ for each receiver you work on: | keep a loose-leaf
binder for each of my Eddystones that includes the service manual, reviews, Lighthouse
articles and references, several copies of the circuit diagram — at least one enlarged
version with voltages pencilled on it and a few notes (both published voltages and others
at non-published circuit nodes, measured by myself when the receiver was functioning
well), photographs (some prints, others on CD) and several pages for notes, eg. what tests
were undertaken and when, what faults were identified, components replaced, valve test
results etc. — its amazing what you forget if you don’t do this, so get into the habit.
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P

A Final Word... ~ <
= ~

In all the above, safety is paramount: valve radios contain lethal
voltages and must at all times be treated with respect and caution.
Even when a shock is not lethal, it can cause unpleasant ‘collateral

' damage’, eg. when you withdraw your hand rapidly it can be
gashed on a sharp piece of metal, your head could bump on something, or you could
accidentally short something out and cause damage to the radio. Therefore always
double-check whether power is being applied to the set, on the status of any
temporary connections made for testing purposes, and never hold on to/touch the
receiver chassis with one hand when probing around with the other (keep your
‘spare’ hand in your pocket). Remember, even a very small current passing directly
through the chest resulting from a momentary contact with a voltage not much
higher than 100v or so can kill. Also bear in mind that even after power is removed,
electrolytic capacitors can hold a charge for long periods that can shock you when
your guard is down...

Good luck with your fault finding — and may the combined forces of the “‘Wise Old Men’,
the ‘Genie of the Soldering Iron’ and the ‘Tetley Tea Folk’ all be with you...

Gerry O’Hara, GBGUH, Vancouver, BC, Canada, December, 2006
Some Useful References

e Elements of Radio Servicing, W. Markus and
A. Levy, 1955 (2" Ed., Esp. Ch. 27) - the 1st
Ed. is downloadable (free) from the web in
pdf format — see below o

e Radio Receiver Servicing and Maintenance, E. &
Lewis, 1944 3", Ed. (UK text) — a concise text |
often found for sale on EBay

e Wireless Servicing Manual, W. Cocking,
1945, 7" Ed. (UK text) — more ‘how it works’
than fault finding

e Teach Yourself Radio Servicing, I. =
Butterworth, 1964 (UK text) — a concise and practical text (includes some theory)
often found for sale on EBay

e Radio Servicing Made Easy, L. Lane, 1962, Vols. 1 & 2, Revised Ed.

e Radio Receiver Servicing, J. Frye, 1955 — another concise and very practical text
often found for sale on EBay

e Profitable Radio Troubleshooting, W. Markus and A. Levy, 1956. This 330 page
tome provides an insight into how radios were serviced in a commercial
environment (several figures from this text are in this article) — it includes some
interesting variations on the signal tracing theme, including a ‘shock therapy’
technique, ie. introducing a known transient stimulus into the radio and observing
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the effect, eg. shorting something out, pulling a valve out of its socket/removing
its top cap connection, discharging or connecting a capacitor into the circuit etc. -
great fun, if you know what you are doing... this is sometimes found on EBay

e Practical Radio Servicing, W. Marcus and A. Levy, 1955 — good text for AC/DC
sets, occasionally found on EBay

e Radio Servicing: Theory and Practice, A. Markus, 1948 — good standard text,
often found on EBay

e Radio and Television Receiver Troubleshooting and Repair, Ghirardi & Johnson,
1952 (Esp. Ch. 6, ‘Practical Direct-Approach Troubleshooting’) — excellent text,
though rarely found on EBay

e Radio and Television Receiver Circuitry and Operation, Ghirardi & Johnson,
1951 — another excellent text, though rarely found on EBay

e Radio and Audio Servicing Handbook, King, 1970, 2™ Ed.
— fairly useful UK text, often found on EBay

e Modern Radio Servicing, Ghirardi, 1935 — a very old, but
‘classic’ and interesting 1300 page tome, frequently found
on EBay (be careful of the binding condition though, some
pressings tend to come apart easily)

e Radio and Television Servicing volumes, E. Molloy and
W.F. Poole, 1950°s/1960’s — often found on EBay (at least
try to obtain Vol. 1)

e Principles and Practice of Radio Servicing, H. Hicks, 1943
— reasonable text sometimes available on EBay

e Radio Servicing Manual, New York Electronics Inst.

e Basic Radio Course, J. Frye 1961, 2". Ed.

e Rider’s Perpetual Radio Troubleshooters, Beitman’s Most Often Needed, and
other trade journals and reference publications (many available on indexed CD
ROM, but be wary of poor scans)

e Various sections of Eddystone manuals downloaded from the EUG web site and
specific articles/tidbits in Lighthouse (see *Super Index’ on the EUG web site),

including:
Subject Issue Page
S.940 Frequency Stability .......ccccceeeeiiiiiiiiieee e, £ 27
HUM, CUMNG ..ot e e e e T3, 10
..................................................................................... R
.................................................................................... 19.................6
(o 141111 o TR o] | - S 44................ 15
mechanical problems ... 40, 18
MOLOTDOALING ...eeeiviieeeiiiiee e T, 5
.................................................................................... 10..............14
.................................................................................... 25................ 16
AVC FAUIL ... 10, 14
(o 111111 o To T TP UTTTT 58, 34
(o1 | ¢ o [T 40, 5
mains switch problem............ccccccii i 95, 20
audio output
AISTOME. ... 17 i, 6
.................................................................................... 522
JACK OF 1. L TR 9
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SUDJECT i Issue.......... Page
..................................................................................... [ IR |
rustling noise at zero beat...........cccceevviiiiiiin 10, 9
components, need changing in Most Sets.........ccccooceeernenen. 10 e 13
faults, COMMON......coii i B 9
............................................................................. 33 19
fault cured, dry JOINt........ooeeveeee e 80.eiereennn, 29
............................................................................. 80................31
UM e TR 2
.................................................................................... 11...........d
.................................................................................... 3322
r.f. gain pot, use of COrrect type .......ccueeeeeieeiiiiiiiiiieeee s 36 i, 2
JUMP N tUNING, CUMNG ..o 65 34
(o 111111 o To T TP URTRT 16 5
faults, COMMON ......coiiiiiie e 17 i, 6
6 9
6 11
heater SO .......oooiii 83 i 18
magic eye restored to life .......cccccevvveciiiiiii e T2ieiaaann, 14
audio fault cured, Graeme Wormald...........ccocccveeiiiieeennnne T i, 11
tape recorder QUIPUL .........ccueeeeriiieeee e 26, 18
DO, fAUI... oo 33, 8
Mt e 12, 14
.................................................................................... 74................15
..................................................................................... [ T
.................................................................................... 48................23
noise limiter, fault ..o, 89. i 10
valve holder problem........cccccoiiiiiiii e, 58 8
fault fiNAiNG .....vvveeeieeei e 40....cccccunneee. 28
h.t. tracking (burning smell).........cccooeiiiiiiie e, [0 I 36
UM e 8 19
joints, soldered, COrroded........cccevviiiiiiiiiieee e 55 i, 33
oscillating, a.f. Stage........ccocceeiriiii i A1 ... 19
power transformer diSaster ..........coocvveiiiiiee e 84 42
reSIStOrs, faUILY ........coiii i 2 e 6
.................................................................................... 59....ccc0000.25
switch
(07 4 Y) - | DU 17 i, 3
mains, failure & replacement .............ccccvvvveeeeeeeniiinnns 14, 18
.................................................................................... 42...............15
(=] ] = Tox ] o O PEERR 34 14
a.fecoupling fault........cccoeeee i 23 i, 17
faults, COMMON ..o B, 10
UM, CUMING oo Th4..oouee... 17
MOLOTDOALING ...eeeiiiiiieiiiiie e 26, 2
audio
capacitor, faulty ... 55 i, 20
OULPUL, 10SS OF .o B3 2
bfo
10 )Y PR < 14
[ACK OF .. 10 e, 15
UM, CUMING e Y 21
.................................................................................... 76...cccueee 17
FUSEIING CUMEA......eiiieieeee e 65, 37
.................................................................................... T4...........9
.................................................................................... 7217
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SUDJECT i Issue.......... Page
S meter, faulty ..o 22 i, 7
.................................................................................... 22................ 16
SENSIIVILY, JOW ..oiiiiiiiiiiiiieee e T, 6
..................................................................................... 8.vieeviineee B
af gain problems cured..........ccveeeiiiiiiiiii e 80..iieeeiaeenn. 36
DO, driftiNg ..o 26, 18
condenser
FAUIL .. 22 2
(=] 0] F= To2=1 1 31T o | RPN 19.. . 2
noise limiter, fault ............cccooiiiii i, 42, 25
power supply problem ..., 83 14
local oscillator, fault...........ccceviiiiiiii e, 26 17
a.f.
driver stage, fault & CUre.........cccccvvvieeiieeeiiiieeeee, LY FUTTTT 27
gain, not fully operational............ccccocveeiiiiiieniiniieeens 36 35
AUIO dISTOrtION. ... T o, 5
avc
PrODIEMS ... 48 10
gain, loW, CUNNG .....oocciiiiieee e e {0 P 15
.................................................................................... 39 17
headphones usage fault.........cccccccoeiiiiiiiii e, 10, 15
.................................................................................... 14.............11
F=To (o o To o] gR o1 0| (= o P 5l 24
fault
(o701 01 0 1 o o U 17 6
INEEIMITEENT ..ot 29, 9
F= 100 [T o [5) (0] £ (=T F NN 35, 13
SIgNAL JUMPING «eeiiiiiieeee e 12 8
agC, INEffECHIVE ... 5 10
ave Problems ... Y AT 6
Lo 141111 o SRR B 10
.................................................................................... 41................12
FAUILS, VAIOUS .....eeiiiiiiiii e 46 2
fuse bloOWING, CUIEd ........oevvveeeiiicieee e L 18
Mains sSWItch, fault............occeeii i 1C 7 SR 4
output transformer faultS ... 6l 10
audio output, complex problem resolved (Graeme Wormald) ........ 90, 36
OULPUL, 1ACK OF . 14............... 11
.................................................................................... 26..............15
.................................................................................... 29................14
audio
CrAaCKIE ..o 25 s 14
gain INCrease MOM.........uueveeieeiiiiiiiiee e IC T I 9
ouUtpUL diStOrted ... 13, 6
.................................................................................... 29...............10
.................................................................................... 19...............17
.................................................................................... 242
avc
faUlt CUred ..o 58..cccceiil. 25
POOK e 24 2
DfO POPPING’ ... 19 5
Cathode VOIS IOW ......eeiiiiieiii e 10, 14
cascode problems resoIVEd..........cccccoovviiiiiiieiee e £ T 42
coil former fault fouNd...........oocviiiiiii T3, 4
JEAMNESS i 32, 22
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SUDJECT .. Issue.......... Page
(oTU ] £ o PP TP T2, 13
faults
(o0 1212 1] o FO U S FTTT 11
FINAING e 62 40
resistors
RGN 8 19
DUINE QUL ... 10, 16
[0100] 0] [T o 41RO 23 7
.................................................................................... 74.............14
FEPIACEMENT ... 25 i, 18
.................................................................................... 29...............10
.................................................................................... 64................63

e Some web-based articles/resources on subjects covered in this article include:
http://www.archive.org/details/Elements Of Radio Servicing
http://www.justradios.com

http://www.mauritron.co.uk
http://bama.edebris.com/manuals/
http://www.tubesandmore.com
http://www.vk2bv.org/radio/parryl.htm
http://vintagevalveradio.mysite.wanadoo-members.co.uk/
http://www.milliron.net/al7kt/boatanchors.htm
http://www.radioattic.com/links.htm
http://vintageradio.me.uk/novice/novice.htm
http://www.antigueradios.com/

http://www.oldradiosrus.com/
http://www.antigueradioschematics.com/
http://www.stevenjohnson.com/manuals/radio.htm
http://www.nostalgiaair.org/references/articles/rn/tfsm/tfsm.asp?DSP=00
http://www.nostalgiaair.org/references/articles/nri/index.htm
http://www.manualman.com
http://www.radioera.com/I-manuals.htm
http://radioswapmeet.com/

http://www.antigueradios.com/
http://www.agtannenbaum.com/
http://web.ukonline.co.uk/p.foden/

OO0O0O0O0O0O0O0O0O0O0OO0OO0OO0ODO0OODOOOO0OO0ODO

Finally, although radio fault finding and servicing is not ‘rocket science’, remember...




*SISSELD 0} P30S IYOYD 1N '§ oA GA
“(PPy eads) soyd o3y wsdQ \poep isaasay | ao1oay 340 1 | A A TA
i PROC [[EM 3ALPF([ 9 “18AIA38J PRA(] (N0 uing sialeay Sl | uedy (| L B A
"£1epuonds 10 Liewnd sowiogsuerz-tamod usdQ ¢
: . sppagy Buiuodwosyy UDIHPUOD FANIEE jusnodwio
‘19415031 9y} w Addns g pajioyg

‘aqny Aue ur myesy uad(y ¢
"$I9SUIPUOD 12][ POHIOYS ‘7
N} 19Y10I 32y T

spey3q Addns-1amog s|quiicd Acm-asagp || sjqoL

s|qoped Aom-aaiyy o uoy Ajddns samed eadiy v ppl By

ISMOT[O] SE
a1e sosneD) ‘Judsoid aq jou Apwr zo £ew wmy pue 9gdi jou Lew 10 few
saqny oy ], "paesy st wierdord ou ‘19A19301 9B UE 10,] 8Aledey D-Y ppag

"MO[2Y P3IST] 5q Mou [[ia 3say ], ‘uorjenndo 1541
-01 SAL30JOP 10J SUOSTDI UIPIL 313 Tunsy jo jeyy st L1esso[d Supawns e Sur
-3uelre 103 waysds 10Yj0ue |[1g “siskjpuy uoynisdo-1saterai-aanazeq
|  mojeg xaL spmy ur paousiajey aiqed

"BEION ") _ ‘payoas Aucod dwoy joig 1| _ l-d
‘uopIado eulp uo wny ‘g Ayoa g
taaleda1 pnag ‘g woyg oz
a3uny
‘Buynoquoiow 1o fuoybese ‘wny - -podoy  palamo| o uadg - -
i 1 W polama o &2 PHIL GNT 8YT N bE
-5B0 9A SA A A ZA
-{oa g ou fupjpiado aul| uo salazal poag ‘| wadoy o) ] .muuowowu “_:v:On:ﬂOu
"L-A paumy -1saesel poeq g ioys g St saatd [ 3qE], Pue ‘wawoar apqepiod Lem-voryy e 103 {ddns 1mod
"uoloisig ruoldazas yeem Moy oIpny 'z | -edupyapdes mo| no paug -z [earday e smoys 41 oandi] “A|ddng Jemog oipny s|qupog Apm-aaly]
|y olpny U uadg | o]
Twaly ARl pReg L oYy z
-10j81q "uoyniado aul uc uaydedss yLam T UGISSIWS MO Z ‘|2A3] usay yBiy | uadp ) [-2%]
HyBi| Jou . . -k -
op sagn] ‘uoyouedo aul| UG JaAledAL poag | Aapey uadg | LA "slnyjoa g Mol "way g 3087 g
“lanlasal puag ‘2 Hoyg g
"13Ate38) poag ‘g Heye ‘g “wonR|IsD "Wy | ‘wadg | £
‘uoyouado au)| uc wWny uoubApPOW | ‘uedey -t [t
-afogos g a0 "Wy ‘vopdesss yoemm g ‘Aypal g
“uanplado sul| of Alsyng wauy ‘uiup Ai9eq AADBH '18Al838) poaq T ‘Woyg g
WM o) eanpiog -ucypiedo  juagwaapu) | 'SBDIUOS rosyg | -5 ‘way | ‘uadgy L 5
‘woyosado Juaywssiu) 350N g RRjUas papouay Mg oz ‘uopdedsas Yoo Z ‘USISSIND ME 2
13A18284 PD3] ‘L ‘yrms uadyy o 5 “ranay
uonnaedo Juawieiu) “ssioN g 'sBnjd Aseyog aooyg g uieap Kisking Aoay saasaal ppag | uede Jo Joys jpusep | LA
‘uopoiado Aleyeq us lea1sas) poog 4 ‘S9MeNPq poag ‘Z Wioap Alagog
THOND|[1950 "uoIMoYsi] uoNdesas ypa (| Rasm sapapng C| t8l-g Aapay ‘sBDy oA g MmO Jo O “I3AO321 pRag || “1asUspuUOD leyng papoys | ]
sPpayy Buiduodworsy uslypuen aalasag jusuodsay s3ro43 Burdunduwony uoHipuoy BADRRQ _ jwavodwor
(penuuuasy) svegeq A|ddns-1emaeyg wgrpog Avam-poayl L1 9|qpL

ShL Sputo) 1241202y fo dipssoroy

(penunuoy) spajaq Ajddns-remog opni-eyny ‘gl apqop

suigo0YsaygnosJ, o1pry 21qrIYold T



gohara
Text Box
Table Referenced in Article Text Below


“(astou snjd) sjmoId paum} ur UOISCIIOD) ‘61

‘Buipua Arepucoas suiiojsuen-ramod € UL suIN} paoys ‘gl
‘1purojsueny judyno ur suing papoys /[

"SISWIOJSUEIY J1 PUB J-I ‘Pumdjue jo AIEPUooas payioys '9[
‘1asuapuod ssediq oae uad(y ¢

s3aepu00 Iadm Iasnopuod suruny 100 bl

-areumd roo-euuajue uadQy ¢

“Jo[In0 [[ea 2-p € ul 3njd aurf pos1ady ‘g

-arddns 10mod o1y ur 10013001 WINTUARS PaIoyS g
Addns maod oy ur 1e3ssor 103G uad(y
10381591 Sunddorp-adejjoa 123e01] vad(y ¢

"oqn} ISE[[BQ 2A1309J3( 7

"10381531 piod-owy usdQy °f

19IR $10137] [RUORIPPY "2[Eor[ddE j0U St 2A0QE §
woj ‘asinod J() 'sinjory [ruonippe sof e pae Lddns amod 21y o3 pajepl
suoidaoxa M2 B s I0A10901 PEOP B DSNED AW SADQE PIIST] OSOUY SE

-1y eadspnof jo [100 a010A Suqqnr 10 pawwie| ‘71
uo130s 3€ w (wonogsip snyd) msuopuod Furgdnos Ayesy [

-{uonaoystp snid) soqnd 4ssesy ‘01

*(ostou snd) saqny pojeas AjI0o] ‘6

“{uoiproystp pue wny snd) 53ezs ndino ur ymono pul wad g
- (470 syeooy Suoxys 103) s1asuapuco Jurdnoo usd( £

‘ISAIONRL O-B JO SUIPULM JUDWE|Y UI 304§ 9

‘013038 JE Ul Iosuapuoa ssediq apoied uad(y g

- {wmny sufd) H.um:uv:ony 13y ndur Ayea] 10 wodQ §
1ayeadspnoj Jo uoneIRXs PRY YEIA €

"JUDUIUSI[BSTHI IDAIIDY T

UOISSIIUS ([} MO [

1MO[2q PIISY] 8101

-DB] AqQ Pasned aq ARUI 19A19091 B W01} 9SUOCSAT YEAAY "1eAI1832Y YPOM

*10381q1A snouoIpuis Jo Ayrejod Fuolipy /
“1pwroysueyy 1amod papoys 10 wd( "9
*135UOpUCd 1PN PIHOLS g

gy oulp wadQ) b

‘asny A1apyeq wad(y ¢

“JIUDN 10JBIGTA QATIOI(] ‘T

"FUUS}IIE One Papunoicy °|

1MO[3Q PJSI[ AIE sasned [euoyippe asay [, “Apddns ramod oy3
107 1da0xa ‘12A12001 o-8 UE 10] 3SOL} Se dwes Ayl oIk 421 ‘yred sow sy}

10,] “12412001 OJNE PRIP E 10] S2Sned AU 2IE 21 ], “0lppy oyny pra(q

‘soyoyss uorjerddo-go-apor uadQy 4

‘s10381831 Suizipenbs 1o3e0y pojeatissc 10 undQ ¢
‘sinpd Ad332q 0A1393]2( 7

‘s3unlieq ¢ 10 ¥V Pea( ]

T$OSNED [EUOIHPPE 95041 UIIM 1041303l O-p/0-F 31} 10 SE §323j0p dwes 5yi

2ABY MOA ‘10A10021 luepiod Aem-dau) oyl I0] “JomeIny J|qRiI0d prag

¥T spujguio)) daatasay] jo Kipssor)

SUOTIIPUIOD DUIES 2} “IIANISL J-P/3-T UL 104 4eA1939Y 3-d/DV Ppag

"I9AI9021 1} 03 SPE3[ PUNOIZ PUR EUUIIUE PISIIANY "¢
‘sdeo puB pajosunodsi([ pg
10381801 Surjdnoosp ajepd wad(y “¢¢

"YOIIMS PUBQ 2A1102J(] 7§

“103so1e Sunmys ur poys ¢

“dugs mopury 10 ‘UIpES] ‘BUTSIUE UI B "
"BUUSILE POPUNOID) 67

-03e)s J0JE[[1250 [BOIHID) 8T
"SIULIOJSUEL] J-I JO JUIMIUSIESIUT JBIID) /7
‘sIasuspuod Surun} palioy§ ‘97
"$I3SUDPUOD IAWIIIL] PIIIOYS "§7
"§[102 2102-1T8 Wad() “}7
‘syjed TeUSS poptoys €7
‘[orjuod surnjos udd(y ‘77
"195UADUOI 191Y SUI] PAHOYS “[Z
*(s1ounogsueny 10 s10381s01) sprop or(d uadQy 07
-sppuopsuer; opne tad(y ol

"ONIAS 2UI 1AAT3021 AL 81

$10)81831 serJos uad(y 4]

-asny aur] ued(y ‘9|

"s3qn} Tl HOYS [EUIAUT ‘& [

"PI03 UL IDATINT DT} UL Yealg §
‘Duogsuesy yndino oyy ur Fupum uadQ ¢
109 20104 1A 7T

*§10}81591 1opIatp aFeyor uadQ ‘(1
‘s1asuapuod Furdnos wadoy 01

*I0A13221 33 Ul suorpduuod uad(y 6

Funooysayquos J, oipry 2jqrifold obT



*19ATI31 S1[} HIYIIA SUOLIIOUUGS PAIAP[DS PAPolIn]) °§
"o [[ea o ut Snpd surf i jo Surgeas 1007
"Burpunois ppaugs 100 ‘¢

‘punoid pue eumsjue 3y Aq dnyorg -z

saur] lamoed wory duyord 1

112A1D

-9I ASIOU E 10] JUN0DDE ABUI MO[OQ PIISI[ SI102J3p OU], “4@Alazay AsioN

"SHUDYE] YBIAN 7T

-aZe3[0a U] YSIH [T

‘sjunow Idqqni 100d )7

*(sjuowusa [BuIaUT 35001} 2quy druoydowim ¥ 6]
‘saqny Assey g1

"spsuspuod Suruny ur joejuod dm 100g /]
‘sIasuapuod Sumuni popunors Lmadoxdur] 91
‘nonaouund des-pud 1oed "¢

"IDUIIOJSUER J1 10 ‘J-1 ‘PUU3IUE Jo ATepuodas uad(y b
'STIq 9qny Mo ¢

qmai pud uadg 7]

"Su0T30auu0d 100d 10 POPOMOD) [[

‘Burpunoid 100 Q]

'$$2Ip PEI[ 100 ‘6

“JUAWTUSI[ESI 'R

‘10351891 Surddop-afeyjos usows uadpy
"rasuapriod Surgdnossp piuri pojrons 1o uad(y 9
sasuapuod Surpdnodsp syed wadgy g

“rasuopuod ssediq apoipeo uad(y 4
1suspuod sseddq usans usd(y ¢
‘Surpparigs 100 7

“Tasuapuod 19[4 ndyno souepoedeo-mol 10 uad(y ‘g

2IB IDAID021 T Ul WG_MNOQHOHO_.S

puE sjeanbs 105 sasned HOWWIOY) “juoqiolow pun [penbs oyl siaAteday

"10)81500 de1ud juowey uado 6z

Iswulogsueny amod jo swny Suipuns ATRPU0IIS PIMOYS Y7
. -oFeys Buneqoso uy /7
JUALIUFI[BSI]Y 97

‘$13TJU0Y POPOIIO]) 57

ropeydsaat 1opne ur Snid pas1oady b7

Py A spupidiuoyy sedtaoay] Jo dipssopo

OG0B DATA[[I B UT SuIpurm AIPpU0as d3e0A-731Y Jo 2y uadQ ¢7
100 SuURPNg-WuNy € jo sumy popoyg 7T
"tod> Juppong-winy 1oxeadspnoy PasIBAY] 17
"I9AIR0AI E Jo Burpunoif 100 (7
's3yeid ayot3 10 9UNIOSUEN Jo UOREIqIA [EJILEYIIT 6]
soul] asod £qredu woyy dnyord BULDIUY Q]
Iosuapued sseddq wass AyzorT /1
3N} PaSEIqIdAQ) ‘O
"19sURpU0d 1931y Furpdnodap uad(y "¢
a3eys [nd-ysnd e ur saquy poouerequny b
Haswapuos ssediq apoyies uodpy ¢
HAnY YAy 71
QU DY ASSEY [
oy 131y Ajddns-ramod ot wr sumny poyioyg gr
PIP0[Q JOSUSPUGD 103[Y B UI SIASUIPUOD 1aamIdq ofmraT g
"(wny apqeuny) sasuspuos 1931y aur uodg g
TOoTIU0d JWINOA IALIDIN L
"Sp[aIYs jo SuipunoId 1004 ‘g
‘$$2IP PEIl 100J G
*(uonospp snpd) ymons prs§ uadgy 4,
"(worpas orpne oy Ajensn) ssqmy wr S3eedp 1)EIY-BpOYIED ¢
19suspu0d 131y ndino £yeof 10 foedes paramor 7
“s1suapuod 1oyyy A[ddns-ramod wad(y

rsuon
IPU0d 95317} Aq pasueo aq APWI I9ATHO01 B wl Summungj -wny 1earesay

‘[OIUOD SWR[0A DALII(] 7€

Alddns 1amod orperoine ur 1ssuspuos ygng Ayeat 10 uadpy '1¢
“diddns somod orper-ojne ur 1o3e1qIA WO 0§
*(uoye([s0 10 uonoystp snid) sousyyeq HBIAN 67
1103SIS3I SBIQ-F[28 SPOYIED JO ADURIISAL PAISYY 'S7
"BULS3UE U NEdNg /7

'a8r3[04 DUl MO ‘g7

"aonds JF ur asudpuod sseddq ;yerd vad(y “g7
"S10SUIPUOD tountyy 10 Summy Ay by

33T ndino ur masuwpuoo ssediq aerd uady ¢z
‘s1asuppuod sseddq usaias Ayer 77

SWuogsuen) 31 pue 41 ‘euusjue Jo Lrepuosss usdpy ‘17
"spnod pouny dweq oz

gurgooysajqnot ] oippyf aygmitfor g arz




FIPAISO3I DU} JO UOIIS JE AU} W punog A[7ensn st 13339p o1 ], “MO[q

‘syutol pazopyos A[100] g
PSI] 1€ IDAI031 © UL UOTMOISIP 10] $ISNED JU |, "SH0ISIQ I0Yy) toazsaey

“SIDSIDPTIOD FUIUN) Ul SHOUS JUDPILLIBIU]
*$135UdpUNd Fummy ur sprejued Hdm A

L

9
‘SI0JS1S2Y PAXY Ul $YDEID [RUIBJU] "4 HSUBPUOD 1[G o wad(y [

.T

&

"OIPRI OJUE UB U ISUIPUCY DPNG 3819030 "0k

‘orper one ur w 13[y ysei wad(y g¢ 7
sBunids 10300([00-o1323s o3ne Surssi Q¢
“I3AIDI31 OJIE UL $puog Surpunois 1004 “/¢
10jelqia OJNE U S}OrIed £ "ge
IsouE Suradn meg teg
SIDSUAPUOD AYROT "hg
3 Jord osoo ¢g
N3 ASSES yraAN 7€
SAHIPE] BN U
'$10300UU0D £13]3q PAPOIIOTY ‘()¢
"{JVIW) UBYOI) SAIIM [100-DI10A ISOOT 67
“opids 1yeadspuop 2500 g7
Ouod Ioyeadspuoy wo |, /7
*2021d 910d 1031130 PuUE [100 20104 WABMIA] I([ 7
1100 20104 1y eadspnoy Furqqny <7
SI0JSISOI PULOAM-DUA JO SLINY PANIOYS A[JUdPIULISIU] b7
‘SI0)81S21 UOQUED PAYIL1) g7
"UIPES) BUNLIUE UT YEdug] 77
"WIPES] 10 eun)ue Fmpunoid Apuapmusiu ({7
“SOYDILMS DANDJI(T (7
"XOQ ISNY 3y} Ul S0SNJ IS0 T K]

“1osudpuod tado Apusnummiup gl
"$IOBIUOD DN} |BUIIN 100g /)
"10A19001 23 ul sped 10 31BmPIEY 2500 QT
"S$1asuspuiod Suruny Jo sjorjuod radm Guq |
"9SE] 9N E PUNOIR ADURINPUOT) 4|
suoratuod ded-pud aqny 1wog ¢

"$39Y008 131} T Saqny o Furjeds 100g 7|
SI9SUSPUOD uruny JO $I0301 PUE SI03ES JO BuI3104s USRI ||
"SIOSURDUOD BUIUN} U0 ISP dARINPUOT) “(f

'S[I03 J-B PUE JT “J-1 UI SSUIPULS PAPOLIO]) ¢,

AN} B UM SHOTS JUIRIULIIU] g
"S[OIOY AUOY PUE JMIROA UICAN /
19413301 BY} Uryia PRy Jo FunIoys JusjuLapy 9

"S[OIII6D SUWIN[O0A IATIINFI(]

"$[100 uado JuajjruIniu]

“UDISSIUED PLIS) '3

'Saqn} ASSES) ‘P

‘SpES] 11213 03 $3po130epd uade Apuajiusiug >
*SHIOUS [PUISIUI JUIJIULISN] 'q

-390y uado ApjuajrUIISIUL ‘B

183qN} 2A13J(] 7

*(spoys A1) Josuspuod poxy uado ApueipunidIU] (|

"JUSPIUINT 3¢ ABW
uonjerado 2A122J0p JO WIOJ Aue JEy} IDQUIDIEDY "129J0p SIYI Ul PIPN[D
-ur §1 s[eudls uoneis jo Jupe] cmopq pojsi] ale uoljeiado jusjjiuIIL
ISMED ABII JEY) IDAIDOAI DU UILM SUOKIPUO) “I9AISISY JUSHIULIDU]

‘uorje)s [nyemod © 03 95000 00} 00RO {7

SALIBHE] PO 07

qradspne| 10§ UONERIDXI PRT B 61

(0111100 3U0} AAROC[ 91

'saqny [nd-gsnd pasuerequpn /]

aueo 13yeadspro] padrepy g

"I3SUIPUOD 13)[Y DAB AT °G

"[102 o104 BUlgqmy ‘§[

odeys Funepso uy ¢

“{(indjno yeom pue wnyg snd) jmoun pus uadQ 7]
‘auojsuet} ndino sy Jo Arewud oy} ur suing papoys ‘1]
‘serq 2qn} JoR1I0oU] ¢

"PIBUTYD SBI SOURISISHT ISOUM SI0ISISH SBIG IPOIRD) 6
“Iastapuod ssediq apoyies paoys -

“(wny snid) 1asuspuos 123y mdine jo aouepoeded poldMo]
“(umny snid) ofeyeaj 1o3r0y-2pOYIED

‘UOISSITD PLIEY

JUSWUBIESIA]

SRR ABIA L

"(umy snpd) Iasudpuod LYY wmdo uvadgy *7
stasuspueos Surpdnos &eay o1

=+ 1~ D T~ OO

ISz spuippduicy) daa1aney Jo Apssopn) gurjooysapgnoL], oippy 2)qenfol 05z




£ST

'none)s FUcHS B 0] 95013 00], ‘]

13413301 oatsuadxou] ¢

“Buppiys 1004 71

‘gunsue ue Juof 00, [

"UOT22UUED PUuneid pa1duuodsiq ‘Ol
DEe)[oA Ul MOT 6

SOLIDNE] BRI 8

‘sdipy pug-aqny papouio)) '/

-s1moTID Prad Ul §)0BIN0D 2IURSEIYSIH ‘G

sppgwior) saapsayy jo Kipssol)

'$31300S UL $3qn] JO FUnEds 100J ¢

"sIsuspu0d Fuung ur spejuod 1dm L g

SHADID PIUn} Ul SIIBHI0D POPOIInd pue drurysisar yHhi ¢
"UOISSIWD YEOM ]I Saqu], '7

Juowdie 31 pue a1 wdordmy |

*M0[3Y PIIST] 318 $asned o[qissod 11T, “Ajar3oapas 100d dARY 0F prEs
ST Buruny proiq SJIIYXd JBY) IdAD02I Y Buiung ppoig yum Joaiesoy

"BUIDIUE BUO[ 00T, '}
"UOTIRJUOLIC BPUUMUE FUOIAN €
quomuSIE J1 Suoipy 7
Juatusnipe o jno dery saepy T

‘uon
Ipuod a1y sso1dun ABW JIOUIISNIPE 921A13S DIOYM SIDATIIBI I $100JD 20U
-I9JIPIUT DIT MO[AQ PIJSI[ SOI], "IFAIIAI JSOO-MO[ B UL JUIIDYUL I $303)
J9 2OUIIOJISIUL UOIJE)S SUIDG "2IUBISJIB4u| uolpl§ Buniqiyxy JaA1e0oy

‘doj-jepg vuusue Fwifusg (o¢

"OIPBL 18D U1 JOBIUOD ST 100J ‘67

5331 3o1id Jo Buness 100g g7

‘510351531 punom-oxm ur sdey &3meq /7
*SI3SUDPUDD ISWIILL U2 SJI0US NIDJIULDGU] g7
'38e3S 10JBJ[I0S0 [BMJLT) €7

"SOIPEI 1B3 UI SIOJEIQIA INO-UIOA\ b7
"SOHSHEQ qBOM TeT

‘stasuapuod Suridnos &yex| 77

"SUONJELIEA 2ER)[OA-DUI] SWBLIKY ‘7

on|eA Ur A3uUCy) JBI) SI01S1S3T PIXI] ‘(7
“SISSED 0] ZUTJIONS S[I00 2102-UDI] ‘G
"SOYDIIMS DATIODJA(T "9

‘suonoauuod dea-puf oqmy 1004 /[
"SIDSUIPUOD 19Y[Y AYEOT "9[

“I2A13091 AU} WM SHIOYS JUINIULSIU] "¢ |
SPJRILS 2500 “fT

"$39[IN0 [[ea ur 2njd ourf Jo Suness 100 ¢
"$39Y[208 1Y) ul sagny Jo Juness 100J ‘71
'sdlls mopus uayolg ‘1

‘ulpeat pue euusjue Furpunoid Apuoprmdiur o[
‘syol punoif-euuajue 100 ‘g

Sunjooysajqnot [ opoy apqriYord 8T




	Radio Fault Finding.pdf
	Radio Fault Finding.pdf
	Radio Fault Finding.pdf
	Receiver Fault Finding.pdf
	Fault Finding Appendix Table.pdf
	TMP35.TIF
	TMP36.TIF
	TMP37.TIF
	TMP38.TIF
	TMP39.TIF
	TMP40.TIF
	TMP41.TIF
	TMP42.TIF
	TMP43.TIF
	TMP44.TIF
	TMP45.TIF
	TMP46.TIF
	TMP47.TIF


	Page 25 Receiver Fault Finding.pdf

	Page26 Receiver Fault Finding.pdf

	Page 27 Receiver Fault Finding.pdf



