MISCELLANY

The Great Marcon1 Mishap and
Some Little-known Receivers

hy Michael O’Beirne, GSMOB

“In the misfortune of our best friends. we find something which is not displeasing to us”™
Duc de L.a Rochefoucauld (1613-1680) Maximes Supprimées, 583.

In January 1974 Marconi’s house P : L s
journal.  Point-to-Point  Condnoani . o ' Lo
carion. published a fascinaung paper g iy ¢ A & : A ‘:’:N
by the Chief Scientist of their Radio ! 6 “ g 6 @ @ @ ‘Q 9 .mm -
Division. the renown B, M. Sosin. L N iaaion
entitled HFE receiver receprion fuiline B -
SJacror. This was a massive sunvey ol * i - -
nine named Marconi and Eddyvsione : o -
receivers (Eddystone. of course. hayv- E TG

mg been within the GEC-Muarcom
ciipire for many vears) and cleven

receivers from other munutacturers
wdentified only by letters from A 1o L.
Details are set out in fable 1.
Curiously, the much advertsed
RC410 HF receiver made by GEC (one
ol the first to have free tuning but with

the frequency stability of a “click- The Marconi ICS-3 receiver. It weighs 86ibs and needs a separate PSU.

Just look at that massive screening shown below. This receiver had the
best performance in Sosin'’s table

click-click™ switched synthesiser) wus
not included within the columns for the
‘home team” or ‘the visitors™. Curious
because GEC owned Marconi. Perhaps
there were elements of internal politics
or perhaps its performance was less
cood than the Marconi producis,

Detailed Specs

This survey was by far the most
comprehensive seen to date. A sub-
stantial table set out not only the usual
specifications such as frequency range
and the IFs. IF and image rejection.
imput impedance, noise factor. fre-
quency stability and third order inter-
cept but also a plethora of the more
esoterte aspects such as mean time
between fatlure, synthesiser phase sta-
bility. spurious radiation. audio inter-
modulation, capture time of the AFC
syatenm. RE mput circuits, any options

to 11 phase compensated orystad filters

and reciprocal mixing performance.
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Ihe last mentioned v common
cnough nowdays but back m the carly
19705 this was cutting ¢dyee technolo-
v Relatively few RE desianers in
those distant days had fully engaged
with the problems ot focal oscillator

NOise.

The Aim of the Survey

The wim of the survey was 1o try to
compare the world’s Teading recetver
characteristics on a common  basis,
achieved by means of some highly
complex calculations to give a “batting
order” of merit, what Sosin deseribed
as the "Reception Fatlure Factor™ His
methodology  and  caleulations are
hiehly complicated and what Tollows is
aprécts of my impertect mterpretation.

To understand Sosin's thinking we
first need to digress on how receivers
behave in the presence of large

signals,

Non-Linearities in the
Front End

Recetvers are reasonably Tinear up to
acrineal signal mput level. Bevond that
the front end behaves o non-lhincar
fushion and generates addinonal signals
which are entirelv spurious i the sense
that they were never within the input to
the recerver. Take two sienals for exam-
ple on 7MHz and TIMH/. 1t there are
no wned circuits in the front end both
stunals will be presented to the RF
amplitier and the muixer. Most REF
amplitiers are relatively robust to strong
stgnals compared to the mixer which is
why so much effort has been expended
L UNProving mixers.

AU low levels, our two stenals will
he treated 1n the mixer in o linear tash-
wn. It the receiver is tuned o 7MHz
then the TIMHz signal will have no
effect on the signal accepted by the [F
stages since it and the heterodyned
stenal produced by the local oscillator
will tall far outside the passband of the
IF filters. If the recewver is tuned to
I8ME/ then nothing av all will be
heard tapart from notse.

At higher signal tevels the mixer
progressively becomes more non-lin-
car and starts o generate addinonal
frequencies which the recever treats
as external signals. Some of these may
be heterodyned to the 1E passbund
and intertere with the on-tune signal,
I the case ol second onder non-lin-

carny the additional stgnals generated

are the sum and difference of the
oriemal stenals applied to the recerver.
For the inputs mentioned. these
spurti will lTie at ISMHz and +MHz IF
the operator is listening to a signal on
I8MH/. his reception will be affected
or possibly obliterated by strong sig-
nals  simultaneously  broadcast on
TIMHz and 11MHz or 7.6MHz and
10.4MH7 or any other similar combi-
nation whose sum or difterence pro-
duces a signal within a few kHz of the
wanted signal. For example, strong
enough signals at 7.000MHz and
10.402MHz will produce a spurtous
18.002MHz, and an operator listening
to 18.000MHz will encounter a nasty
2kH7 heterodyne. These second order
products are abbreviated to "1P27,

Front End Selectivity

It can be seen that one of the
unwanted 1P2 inputs must e at least
half an octave in frequency away from
the wanted signal (1 IMHz in the case
of our 18MHz
Accordingly, by providing a fair

wanted  signal).
amount of front end selectivity before
the mixer at half an octave away (or
less) we can greatly reduce the 1P2
spurii. This is the reason why many
modern receivers incorporate switched
“half-
octave” or ‘sub-octave’ filters. Even

bandpass filters known as
better is to have several traditional
tuned cireuits @ fa ARKS. but imple-
menting this in a synthesised receiver

IS very expensive using motor-tuned

The RA17L in an original Racal cabinat

vartable  capacttors and  Ledex or
relay -switched bands under the control

of the svathesser,
Third Order
Intermodulation

IP2 1< relatively easy o reduce to
minuscule levels using front end selec-

tivitv. Third order intermodulation
("1P37) 15 more insidious. It gives rise

to spurtous signals which are produced
by the sum or difference of one strong
stgnal (1 and twice the frequency of
another strong signal (12). The spuri-
ous IP3 signal hes at FEL+ 2 x F20 It
also lies at three other points, 1.e. FI -
2x P22 x FL+F2and 2 x FI - F2.
Our orreinal two strong signals of
TMHZz and TIMH7 are now causing
our receiver with a wide open front
end to behave as if 1t were receiving
signals on the following  additional
frequencies:

I8MH7 tan P2 product. e 7+ 11)
4MH7 (an IP2 product, 1e 7 --11)
29MH7 tan [P3 product.ic 7+ 2 x 1 1)
ISMHZz tan 1P3 product.ic 7 -2 x 11)
25MHz van IP3 product.ie 2 x 7+ 1)
3IMH7z tan IP3 product te. 2 x 7 = 11).

Higher Order Products

There we also numerous higher
order mrermodulation products. The
fourth order ¢'IP47y are 2 x FI + 2 x
F202x L 2x P03 x P+ 2,3 x
FI - F2 and so forth. The f{ifth order
products are 31 + 2 x F2 and so on,
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The Plessey PR155. This is the ‘G’ version. Frequency coverage is 15kHz
to 30MHz in 30 bands. The kHz scale comprises seven feet of 16mm film
giving a frequency accuracy of about 500Hz

the ~sinth order are 3 x F1+ 3 x P2 ete
and on and on ad infinitemn. 1t can be
shown that spurii lie at the difference
between the orgmal strong inputs —
re. MMz giving responses of 307011
IS5 cte. Fortunatelv, the spurni levels
decrease as the product order increas-
es.and for practical purposes we only
need to concentrate on the 1P2 and 1P3
produdts.

The [P3 intermodulation generally
stirts at i lower level thun the other
orders of intermodulation. It also les
at o far Tower level than the effect
caused by receiver blocking from a
smgle strong adjacent signal. The IP3
characteristic defines the
ability of a receiver to cope with

largely
strong signals.

Close-in Signals

When the separation between  the
strong signals and the wanted signal s
large then traditional tuned circuits
hetore the mixer will attenuate these
unwanted signals. hopefully to a level
where they are of little effect (unless
the signals are substantial). But if the
farge signals are close to each other we
have u serious problem. Take strong
imputs of 7110kHz and 7130kHz. No
amount of pre-mixer selectivity will
separate these inputs. Both wall hit the
mixer and cause [P3 intermodulation at
TO90KkHz, 7150kHz, 21.350kHz and
21.370kHz. An amateur radio signal on
7.090KkH7 will probably drown under
the spurii.

I the mput levels inerease further.
more spurtt will appear as 1t signals

were bemg received at 20kHz intervals

)

further up and down the band. Now
add in many more powerful commer-
cial signals within a few hundred kHz

of 7TMHz and a veritable cats” chorus of

spurit obhiterates most ot the weak
amateur signals on forty metres. There
can hardly be an operator who has not
experienced this.

Well designed valved recenvers tend
to be quite resistant to P30 wided by
their considerable pre-miner selectivi-
tv. but despite this selectivity Targe sig-
nals at close channel spacings o the
wanted signal will get through and
cause intermodulaton.

The Importance of IP3

The mixer’s IP3 performance is a
receiver's Achilles™ heel because 1P3
spurii will appear before the other
forms of spurii. That ix why so much
effort has been expended i improving
mixer performance to the stage where
for many sites it is now possible to
receive without any form ol presclee-
tion. This obviously reduces the manu-
facturing cost consideribly,

Reference | s a seminal article on
the whole subject of recerver intermod-
ulation. It discusses why  Racal’s
RAT1772, introduced 1 1973, did not
need any pre-mixer selecuvity, It was
the first wide-open receiver that could
outperform most of the taditional

competiton.

Measuring
Intermodulation

Uhe classic method of measuring

intermodulation  uses two signal

generators and @ bybrid combiner to

ct e
i

nject two strony stgnals at detime

fetine
frequency spacings and amphiredes
into the recerver. The fevel of spurn
18 measured with an audio ouiput
meter. an audio spectrum analvser or
with just the recenver's S neted
Recent ARRL Handbooks contain o
detailed description of the proce-
dure. Professionals tend to use much
stronger test signals than the ARRI S
technigue. Retference 2 is a vuluuble
discussion on the problems

Sosin’s Concept

We return to Sosin. His view back in
the carly 1970s was that a two signal
test is not good enough because the
spectrum contains far more than two
strong signals. His aim was to calcu-
late how cach receiver under review
would behave ina real live situation
with an aerial input containing a
defined spectrum of signals.

In a table he set out the hikely fevels
of signuls across the HF spectrum
between 2MHz and 29MHz at six
quantizised levels between 40dB and
100dB above 1uV per IMHz spun.
effectively a snapshot “freeze™ of what
one might see on the screen of a spec
um analyser connected to an aeriul
These are strong signals varving
between ImVoand 100mV. the sont
likely to upset most receivers then
(and indeed nowdays). This RE energy
distribution was based upon a well
known Swiss analysis. though the lev-
els seem more relevant to a profes-
stonal aerial system than what most of
us can it into the back garden.

Sosin computed what spurious sig-
nals cach receiver would give over a
span of IMHz for ecach of the 333
channels of 3kHz at these quanuzised
levels. He started the calculated spurii
count at quantizised levels  of
-10dB#V to 0dBuV and continued in
100V wide bands up to 70 to 80dBu V.

His calculation of the spurii appears
1o have been based on four parameters

the noise factor, the front end and IF
filtering. the third order intermodula-
tion product ('IP37) and the imuges
rejection in the published specifica-
tions for cach receiver. Separate caleu-
lations were done for a notional 20dB
Many
readers will know that an acrial attenu-

acrial attenuator switched in.

ator has a profound effect on the 1P3
performance and dynamic range. (In

simple termss introducing an attenuator
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Table 1 — Summary of Sosin’s table of Reception Failure Factors

Receiver Relative Noise 1P3 Reception Author’s Notes
Cost Factor level at Failure
£ dB 10kHz Factor
spacing dB
dB

Marconi receivers

CR24A - 5-7 75 8 7ft cabinet.

ICS-3 6.4 17 99 0.4 Was the Royal Navy's
warship HF receiver

H2900 9 10-15 75 1.6

MST 11 12 65 13.1 Two 7ft cabinets. Very
expensive

N2001 3.8 10 65 10.5 Known as Hydrus. Weighs
270Ibs

N2020 9.3 10 65 9.8 Replaced in Royal Navy by
ICS-3

N2050 2.5 17 70 10.3 Known as Apollo. Replaced
the Atalanta

H2311 1.8 17 60 12.7 Modified Eddystone EC358

18306 0.55 12 60 10.3 Eddystone

Non-Marconi

A spec 55 10-15 90 4

A actual 80 9.4

B spec 2.3 11 88 9 Clearly the Racal RA1772

B actual 80 17

C 1 7 70 35 Clearly the RA17L

D g7 10 63 -

E 1.5 8 70 26 Clearly the Plessey PR155

F 10 75 -

G 2.9 10 75 -

H 3.3 10 75 10.8

J 3.3 14 75 13.4 Probably the Collins 651J—1

K 1.9 10 68 20 Clearly the Redifon R551

L 2.0 16 69 12.4 Possibly the Drake MSR-1

between acrial and radio of 20dB wiil average fevel of spurit exceeded the

reduce the signal level by 20dB and

reduce the {P3 products by 60dB. If

these 1P mtertering stgnals are at a
level of 60dB above the receiver noise
fevel then switching in the attenuator
should climinate themo)

Further caleulations produced an
estinate of how many ot the 333 chan-
nels per IMHz spectrumm span were
oceupied with the receiver’s own spurll
and thus preventing recepnion. This
was then compared with the natural
fevel of tonospheric noise at the fre-
quencies ased tor the carlier caleula-
tons using the same cotlonal acrial,
commonly called the wmospheric

lim The tactor o dB by owhich the

atmospheric limit was defined as the
“Reception Failure Factor™.

Reception Failure
Factor

Sosin’s premise was that if the
receiver’s spurious  responses  which
were occupyving the wanted channel
exceeded the natural 1onospheric RE
levels then the receiver had tailed” to
the extent of the excess. That was a
measure of the receiver’s “goodness™
basically s ability to veceive i the
presence of a wide spectrum ot sub-

stantiad signals that one would find at a

professional receiving site.

Sosin’s methodology attempted  tor
the first time to see what would be the
effect of a large number of other stronge
signals present within the spectrum fed
to the receiver. It also took account of
the effect of front end tuning. The
results are summarised in Table 1. The
IP3 figure is the input signal level
above luV EMF to produce an inter-
modulation product of 1xV EMFE at a
signal spacing of 10kHz.

Results

It has to be said that the methodolo-
gy produced excellent figures for the
Marcont and b:ddystone receivers and
less good figures for nearly evervone
clse. This approach may have favoured
Marconi Eddystone
which had masses of traditional front

and receivers
end selectivity in contrast to sets trom
the opposition most of which used
much wider half-octave filters or were
broadband.

Sosin’s conclusion was that all the
receivers gave factors worse than the
atmospheric limit. In other words the
ltmit to communications was the
recenver. not the 1onosphere. For exani-
ple Marcont’s star performer. the ICS-
3 (designed tor the Royal Navy and 1
believe still in use). had an average
fatture factor of just 0.4dB. It actually
cave a posttive factor at LF frequencies
and was only marginally worse than
the atmospherie limit above about
AN, The H2900 came i at 1.6dB.
the H23 1T at 12.7dB and the 1830/6 at
10.3dB. The commercial opposition
was less impresstve. The besty AT was
HdB and the worse, (7
ping 33dB.

. with a whop-

Expressed i a different way, a radio
path using receiver C to achieve a des-
ignated  performance target would
need 35 - 0.4 dB (i.e. 34.6dB) more
power at the transmitter output to
achiove the same performance as the
1CS-3. 1CS-3
TOOW. recerver € would theoretically
necd around 250kW on the basis of the

presentution.

Thus f the needed

Practical Experience

Many of us would regard some of
these cabeulated figures as not support
cd byooracucal experience. T find for

cxumpie it there are few signals

recened at iy QTH on o much more
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