
A FTER l istening around the short wave bands on
A various transistorised receivers it is very

I I evident that they were all prone to an effect
known as "cross-modulat ion". Transistors have a very
limited linear input characteristic cornpared to valves
so that early stages in a transistorised set are easily
overloaded by strong input signals.

The resulting non-linearity causes strong signals to
be impressed upon weak ones even whcn the two
signals are widely spaced in terms of frequency.
Twn or nlole strong signals wil l  combine to produce
mole spurious signals and the general irnpressiorr is
of reduced scnsit ivi ty in the presence of strong
signals.

The early tuned stages should be capable of reject-
ing unwanted signals but strong signals can be found
to exist on the leads of the transistors themselves by
direct pick-up, thus driving them into non.l inearity.
This effect is not unknown to users of soiid state hi-fi
equipment when broadcast or TV signals break
through from local or semi-local transmitters.

Valves can tolerate input signals of the order of
volts before becoming non-linear compared to the
few hundred mil l i -volts of transistors. To the best of
my knowledge nobody has yet come up with a prac-
tical design for a transistorised receiver front-end
that can equal the performance of, say, a valve
series-cascode circuit  using a common ECCB4 aud
conventional components. To l isten round on a
receiver so equipped is a revelat ion, the bands seeri i
to go quiet as the spurious teletype and jammirrg
stat ions disappear and lveak stat ions can be copir:d
in the pr€sence of strong signals on adjatc,rt
channels.

Transmitt ing radio amateurs are well  aware of the
problem of cross-modulat ion, even more so now with
the  rap id  inc rease in  the  use  o f  in rpor ted  t ransce i l c rs
which are geneial ly sol id state except for. the rrdd
valve or two in the transnrit ter section. l t  is interest-
ing to see that one of the latest designs, the FT501,
has resorted to a valved front-end using the old
fashioned 6826 ald 6U8! Nuff sedt

It  must be remembered ttrat the mixer stage of a
superhet is sometirrres the culpri t  in cross.nrodulat ion
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PART I

problems especially if it is preceded by an RF
amplifying stage. With an efficient mixer stage an
RF stage should not be required. While pentodes and
triodes can be used to advantage in frontends there
is another valve, the beam deflection valve, that is
even better as a mixer. The 7360 appeared around
1960 but the later and curent 6JHB has better
characteristics and is considerably cheaper.

Bill Squires W2PUL repeated (QST September
1963) the principles outl ined by Goodman in 1957
that a rcceiver capable of preventing cross-modula-
t ion  and over load shou ld  have: - - .

As little gain as possible before applying maxi-
munr selectivity.

Excellent linearity in any stage preceding the
selectivi ty,
Squires therelore concluded that the ideal receiver

should not have an RF stage, as few conversions as
possible and that the mixer should be a Unear device
like a Class A arnplifier . "conventional mixers
perforn only because they are non.linear . the
local oscillator' swinging the tube from nearly zero
bias to nearly cut-off and no tube is linear near cut-
off or near zero bias. As long as the signal is very
small compared to the local oscillator voltage the
mixer is quite linear but when the signal grows large
violent cross-modu lation occurs".

He went on to describe a mixer stage using the
7560 in rvhich mixing takes place by switching the
valve's elcctron stream between two anodes by means
of deflector plates driven by the local oscillator volt-
age. See valve symbol Vl in l'ig. 2. Up to the
deflector plates the valve resembles a conventional
pentode.
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W2PUL again "sirrce the twc output anodes
can be operated in push-pull the valve can be
inherently balanced against the input signal fre-
quency, hence good If'rejection".

No RF stage is used r'r'iih the receiver described
here but because of the problem of second channel
interference (signals 2 X intermediate frequenc5r
from signal frequelicy) a nruch higher IF is required
than the converitiorial 455kI{2. In this design the IF
is 5'5MHz, secoud channel non being l lMHz away
from the signal fl'equ...*.i;'v a;rd adequately attenuated
by two tuned ..li;';:;,rii at aignal frcqilency. Several
circuits and muiir L,;;fui information on the 7360/
6JHB can be found iri Pat llarvker's bouk, Amateur
Railio Techniques published by thc RSGB.

THE DESIGt'- j
the circuit uscil :n the "Epsom" is a hybrid one,

using valves in ilii:, mixer and two IF stages, where
linearity is important, aod the first osciilator stage.
Diodes are employed in the switchablc AI\f cr SSB/
CW detector lvhile the associated carrier insertion
oscillator (CIO) uses a transistor. The single audio
stage utilises an LM380N integrated circuit. The
general arrangcmcnt is shown in Fig. l.

In detail, it lviil be seen from Fig. 2 that the signal
passes via the 5"5MHz IF signal trap L| lCl to the

RF ga in

Fig. | : Block diagidm to show the fuilciions of the yalious slagas in the receiver

I

tivo capacity coupled tuned circurts L2t VL t ;irci
I-3/VCz which feed the signal grid of the 6JH8 r,,rxer
Vl. Three pairs of plug-in coils co', i,i the whole of
the tuning range. The f irst osci l lato; i l .  an HLC8I.
employs the very effective cathode coiipi,rti oscillator
circuit, Fig. 4. Ifarmonic content is lor'; and a mini-
mum of cornponents contributes tc good Jtabriity"

The oscillator tuning range is I to i8iriF[x only, no
bandswitching being required. the oscitlator fre-
quency being added to or subtr acted from the in1.ut
signal frequency in the rnixei stage to produce lrre
intermediate frequenc;- ; i  l i  . r i 'v lH;-.  thus: ."-

MHr r.)sc 'i'u;ting 
harrgtr

Signal Tuning Ralgr: MHz
2 ' 5  t o  l 2 ' : :  + 5  S M H z : B  t o  1 8

13 '5  to  23 '5  *  5  SMl Iz :8  tc  i8

The gap between 12 SMHz and 13'SMHz does not
contain any broadcast or amateur band. There is also
a gap in the tuning around thr,r set's IF of 5"SIVIIIz but
again this is not an importri-n; part of the short wave
spectrum. Another impor{alri ;ispect of this method
of mixing js mentioned ta,le;' rvhen discussing side-
band switching.

The osciilator voltage, appr"n.i. ,'.V RMS, is applied
to the deflection plates of the rr; ̂ er. A balance.d cir-
cuit is desirable here but the prar.tical difficulties

V2 osc
ECC8l

Carfier csc
2 N 2 9 2 6 G

il
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Fig. 2 : fhe input signal is fed to the 6JH8 beam delleLtion mite( stage via an lF trap and two tuned citcuits, The injecaion roltage
applied to the deflection plales i\ C'!ived from the frrst oscillalor slage, Fig. 1.
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Ftg. 3: The low-levet signa! ftom the filler is rmplified by this two stage amplifler opetaling at 5'5MH2. tts gain can &f]ot ttolw
mai:ta|!! and by the AGC voltage an AM reception.
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Fig. 2a: The output of the mlxer slage, teft, feeds into this half tauice
crystal filter at 5.5MHz, Input and outputcircuits must he screcned

from each other to Neyent signal leakage rcund the filter,

Fig. 4: The flrst oscillator srage uses very few com-
ponents. Slability is imprwed by the ahsence of any

ha n d sw i tc h I n g complrcafiors,
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Note: Capecitors shown without valueg
are ell Oqt}lF
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Flg, 5: fha outpul of thc IF ampltler, tefl, feeds a dtde detoctcr swltchabta fs oottmum ona'allon on SSBTCW or AM rrlceDuon, The
rosultdntaudlo ls anpilfld W lho LMS&N audio tC, The canier lnsartt6n oscttlat6r Trt opal,ates onty on SSBICW,'



Rcslstors
Rl 47k{}
R2 S2k()
R3 l00ko
R4 680rl
R5 470cI
R6 4700
R7 470Q
R8 10f,l
R9 100ko
R10 1ko

All 5/u or 10/o and { or { watt

VRl 5k{) l in. VR2 l0k{) r in. VR3 skf,) l in.

vR4 10ko lin. vRr 100ko lin. vf;J"ifotro r.s.
preset preset

Gapacitors
Cl 47pF SM C10 0 01sF DC C31 0'01pF DC
Cz 10pF SM C17 0 01pF DC C32 0'0tpF DC
C3 0 01pF DC C18 0 01i,F DC C33 100PF SM
C4 0 0' lpF DC C19 100pF SM C34 100pF SM
C5 0'01pF DC C20 0'01sF DC C35 100pF SM
C6 100pF SM 5%c21 47pF SM CS 0'01pF DC
C7 100pF SM 5%C22 47pF SM C37 1000pF DC
C8 0 01pF DC C23 0 01aF DC C38 0'22pFDC25V
C9 47pF SM C24 0'A1pF DC C39 BpF 25Y
C10 47pF SM C25 0'01pF DC C40 0'0lpF DC
Cll 100pF SM C20 0'01sF DC C1l 10opF25V
C12 0'01pF OC C27 0'01aF DC C42 0'01pF DC
C13 47pF SM C28 10pF SM C43 1@0pF SM
C14 47pF SM C29 0 01rF DC C44 270pF SM
C15 0.01pF DC C30 1000pF FT C45 270pF SM

CaG 10pF SM
DC-Disc Ceramic 950V SM:Silver MiEa
FT: Feedthrough
VC112 2 x 365pF (Jackson 09) VC3 10pF variable
vC4 160pF variable (Jackson Wavemaster 9/05f
160)-lC1l2l3l4 30pF airspaced trimmers, beehive type

Semiconductors
D1/2 OA90 lc1

Val'rres
v1 6JH8*
V3 EF183

LM380N Tr1 2N2926G

v2 Ecc8l (12AT?)
v4 EF18S

* obtainabls {rom Electronic Component
Supplies, Thames Avenue, Windsor, Berks.

Crystals
Xl 5.5@8MHz X2 5.5024MH2 X3 5'5000MH2
Nominal frequencies. A kit  of the three crystals
(Type HC6U) with holders is avai lable {rom Senator
Crystals, 36 Valleyfield Road, London SW16 2HR
lor f,?.43 inc, VAT and P/P. Kit reference SC/PW,
53{l

lnductors
Ll see text
L2/3 'Blue'Ranges 3, 4 and 5, two of each. (Denco

miniature dual purpose)
L4111 see text
L12 'Blue' Range 4 (Denco miniature dual purpose)
RFCI/2 RF choke 2'5mH miniature, ferrite core

Metalwork
Aluminium cabinet and panel (12 x 7 x 7in.) (Type W)
Chassis 9 x 6f x 2in. but see text
Aluminiurn box with l id 3x2x' l in. (1 off) 4x2* x 1*in,
(1 off)
Screens  f rom lSswg a lumin ium 15 x  l l i n .  w i th  * in .
f lan ge.
P a n e l b r a c k e t 4 x f i i n .

The above metalwork is avai lable from H. L. Smith
& Co.287 Edgware Road, London W2.

Misce l laneous
Valveholders B9A (ceramic or PTFE) with skirt  and
screen (4 oft) without skirt (2 off). Switch 51 2 pole
2 way wafer switch. 14 pin DIL sockel for lC1. Dial '
Eddystone Type 898 or Jackson Type 4103 see text.
Slow motion drive (rJackson Type 451114). Flexible
coupling for { in. splndle.* Coil  formers l* in. x * in'
dia. with square base (Home Radio CR12) and
ccreening cane (CR13) (5 off each). Dust cores
(CR19) (7 off). Sk1 coaxial aerial socket' Sk2 stereo
jacft socket. S-meter 1mA Type MR52P (Henry's
Radio). Calibraled knobs (3 off) (H. L. Smith Type
F21). Plain knobs (3 off). Screened cable, 4 way.
Stand-off insulators (12 off).*

Veroboard  5  x  1 { in .  O '1 in .  mat r i x ,  2*  x  1 l in .  0 '1S in .
matrix. Veroboard plain 9f x 1*in'  0'15in. matr ix.
*Avai lable from H. L. Smith & Co'

R11 33ko R21 180kc)
Rtz 100() R22 180ko
R13 r0(} R23 4?0ko
R14 100ko R24 {70kQ
R15 'tk() R25 68to
R16 1000 R26 15kn
R17 33ko R27 470n
R18 180kf) R28 470f)
R10 47kO Reg r00f,,
R20 6S0Ct

involved are not easy to overcome. The output circuirt
of the mixer is kept very carefully balanced however
so that any input signal voltages present at the mixer
output are oancelled out as far as is possible, as men-
tioned previously. A small trirnming capacitor is
sometimes added to one side or the other of the
rnixer anodes circuit  to ensure best balance but i t
was not thought to be necessary here.' f  he JF f i l fer unit  Fig.2a is ful l  screened to prevent
signal leakage across the lilter and comprises two
urystals Xl and X2 in a half lattice ar"rangement,
with associated coi ls. Senator Crystals have agreed
fo supply a kit of these cry,stals plus the carrier [Ner-
t ioo osci l lator crystal X3 and three holders. The
crystals are produced to close tolerances .and it is
hoped therebv that readers will be able to reproduce
the results obtained by the author without too much
difficulty. Comrnercial HF crystal fil'ters are very
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expensive but perform better, of course, than the
simple filter used here.

A feature of this particular receiver is that with
a CIO crystal of precisely 5'SMHz and a single tuning
range in the lirst oscillator the calibration problems

are very considerably reduced, as will be seen later
during the alignment Procedure.

T'he filter output from L7 goes to conventional IF
amplifying stages V5 and V4, Fig. 3. using EFIBS
frame grid valves. "Conventional" is perhaps not
quite correct since the IF stages are operating at
S.Strlttrt The signal grids are also connected to the
AGC line and the gain of V5 can also be varied by
the IF gain control VR2. The S-meter monitors
signal levels on AM and is oper'ated by V4' the AGC
voltage being derived from the signal. IFTI and IFT2
peak the 5'5MHz IF signal which is then fed from
Lf f to diodes Dl and D2, Fig. 5, which are switched
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by St to operate either as a normal diode detector on
AM or as a product detector on SSB and CW. In the
latter modes the crystal controlled CIO, Trl, is
switched on ,and fed to the diodes via C34 and C35.

The CIO crystal X3 is B0OHz lower in frequency
than Xl in the filter unit and it is important to note
that the change firrm lower sideband (LSB) to upper
sideband (USB) is automatically achieved by the
additive and subtractive method of mixing mentioned
previously. Ttrus only one CIO crystal is required.
Generally LSR is employed below l0MHz and IISB
above. The precise frequency of X3 is adjusted by
TC4 for best res'olution of SSB signals.

The negative AGC voltage is obtained from the
deteator stage on AM only, being developed across
R23 and R24 and fed to the IF stages V3 and V4.
An SSB/CW the product detector output is switched
across the pr€set resistor VRS which can be adjusted
to give virtually cornplete rejection of an AM signal,
the null being quite sharp. This adjustment ensures
correct operation o'f the PD on SSB/CW.

From VRS the audio signal goes to the volume
control VRG before feeding the audio IC. Capacitor
C39 on pin 1 of the IC helps to reduce hum and
noise on t}re l8V supply line. (Furrther information
on using the LM380N IC can be obtained from the
December 1975 issue of PW). The output of the IC
is fed via C41 to the panel stereo headphone socket
Sk2. The output impedance is low, intended to
operate a speaker of 4-16 ohms, but in this case a
pair of stere-o headphones is used, the units being
connected in parallel at the socket. This may be a
breakaway from the conventional high impedance
headphones genenally used with receivers but it is
hoped that since stereo headphones are now very
commonplace it will induce short wave listeners to
use the,m instead of a loudspeaker!

Another point to note is that the AGC voltage is
not applied to the mixer stage since it is very
unlikely that it will ever be overloadedl In conse-
quence the usual signal grid DC blocking capacitor
and resistor are omitted which means that large
blocking voltages cannot build up on the signal grid,
such as can occur in the vicinity of a transmitter.

The number of components has been kept to a
minimum, only 29 resistors in the receiver proper
and 46 aapacitors of which 2I are 0.01aF decoupling
capacitors! Witb the exception of components com-
prising the various tuned circuits (RF and IF) the
values of the resistors and capacitors generally are
not very critical, an important point in a period of
component shortages. Resistor R20 in the cathode
circuit of the first oscillator V2 was adjusted care-
fully for maximum oscillator output to the mixer
stage and the value of 680 ohms 'specif ied shnl ld
be used 4 n al inrnl i l  l ra< .: isl  L'a'c, ir  r :adc i .a r^.: i . , . .
thc, nurnber of djf fercnl valnes r.cquirc{i  oi r ; ,<iqio., ,
and capacitors.

CONSTRUCl  ION
Rern t ,mbet  ! .ha t  th r  r :a l l f . l : ,  ) r  in { ' f c r  anc  ( . !  \ : s i  i . t i s

are relal. ivc-lr- {ragi le so rJo not urrdertakr rhe
dri l l ing or cult ing of an-. holes in ihr. r .hassrs u,h(rr
any of them are in posirt ion on the cha.ssis. cspec;aj ly
i f  a power dri l l  is being used. In pracl ice: i t  is
unnecessary to touch them at .al l  unl i l  aft t .r  al l  l .he
wiring is completed and double checked.

When wiring the valveholders fit any old urrsenice-
able B9A ba.sed valve.s intn lhe valveholders. I 'bi .s
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I components list

R1
R2
R3
R1
R5

POWER SUPPLY UilIT

33O *W Cl 350pF 350V
sko 10W WW C2 2000rrF 30v
10OO +W C3 2000rrF 30V
22kO 2W FI Fuse 1A
SttO *W FZ Fuse 2l0m,A

lllligcellaneour
OU2l3, 1N4007. S1, 2 pole on-off. 52, Single pole
on-off, Fuseholders (2), Valveholders B7G (9).
Cable ptug B?G, Panel indicator lamp 8.9V. Tt,
Transformer 250-0-250V 80mA, 6.3V + 8'3V
(Douglas MT1AT). Case 8 x 6 x 0 in. (H. L. Smith
& Co. Type U). RV1, voltage etabiliser OA2.
Speaker 6 x 4 in. elliptical 8O, with cable and jack
plug. Speaker gri l l .

For convenience the components l ist for the power supply unil is
given here. The unit will be described in Part 2,

will keep the pin sockets in their correct positions
and prevent any soldering resin from entering them.
Once the wiring to the holders has been completed
don't forget to remove the old valvesl If construction
periods are limited it might be some while before
the wo,rk is finished and the old valves could be
easily overlooked. A short-circuited heater winding
could result, or even worse!

The chassis as supplied by H. L. Smith to go
with their cabinet and panel is 11 x 631 x 2in which
is 2in longer than that used in the prototype. If this
chassis is used it is o.nly necessary to keep the
various stages in the positions round the edges, as
shown in the layout, increasing the length of the
leads from the output of the IF strip, L,11, to the
product detector board. More space will be available
in the centre of the chassis and a possible refine-
ment could be,the placing of the CIO bo,ard and its
external components in a separate screened com-
partment.

The general layout of the componenrts on the
chassis and panel is shown in the photographs Figs.
6 and 7. but it is not necessary to copy it precisely
provided the usual precautions are taken with
screening between stages, short wiring in RF circuits
etc. The dial used in the prototype, an Eddystone
E898, has seen service on several other bits of
equipment over the years and a new one today is
rather expensive. The Jackson 4103 dial, available
from H. L. Smith Ltd., is a suitable substitute having
blank calibrartion scales as well as a two-speed drive
mechanism.

Once the ma.ior cut-outs and holes have been made
rrl .} ,- lr ;  ' iht,  i . ; :r tr  I  al . l  ch:rs; i . .  r . ; , : '  bc boited togeiber.
ai lcr r 'nsur' lne thal al ' |  hui 'rs rr i  holes have bcen
rcrnor,ed 'lhcn. tra'o rin bolt s. atlout lain dia. are
bolted terny'oranl l , to t .hc rear o1 l .he t:hassis top.' i }c-se a;-e absolulel l-  invaluabie in keeping the
chassi.s JevcJ wben i t  is upsidc dort 'n lor wir ing and
lesting and tbel '  need onl i . '  be rernoved when the
set is f inal l f  instal led in i ts <ahinet.

l-he f i t t ing of the mai;r intern.al screens can be
icft  1o the end ir,hen al l  the wir ing is f inished, srnal l
cut-or:ts being made along the inside edges of the
screens as required to clear '.tiring passing under
the sr: i 'eens.

Par t  2  w i l l  con t lnue w i th  the  cons t ruc t ion  o f  the  'Epsom'  and
a lso  dea l  w i th  the  power  supp ly .  The s imp l i f ied  a l ignment
procedure wil l then be described.


