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Olck wnppped. into place the
plastic back af the nsit little
medium and kang wave mdia and
than swiwched [ on, Ha sdlacted
metiurn wavpe and Juned it ever 1ha
hand. Radlos 1. 2 and 3 turmed up
Bt thelr pllotied pointe on the '.:nlr;p

o, altheg Audio 1 and Rndio
?.mrl ml;gf:]ﬂ by an Imitsting
hackground whistle which changed
in piwch e he tuned through the
signals, He then checked the long
waun band, tm Mnd that Rodio &
come In at massnabld strangth
Cheartully, he switchod off tho sat
and procesdad 1o take it ower 1 the
“Aepolred” rack.

"My |

Puzzio Dick stogped n mha-
stride,

I waid, nay!l"

Dick locaied the sound 8% com-
Ing fam Smithy's berch or the
othur sidn of the Warkshaop, Smithy
had his back towards his ssdistent
orid nppenied 1o ba completsly
angressad In & eolour televisien
ehansin which lay bafore him on his
manch )

Dick figwipd

"Old you say angthing. Smithy T

‘O coursn | said samething
replled Smyithy without |ooklng
red . TAem | 1o apdentand that you
btk g thae mdlo Uve just Desn
haarlrg an Belag fully semniceable®’

“Blimay, it must be,” repllad a
eanfused Dick. "Ml that was wrang
with it was thot one of the Inads
from tha medium weve soll on the
ferrite rod aorial hod coma pedf
from the printed board, The auriol is

i

PREVENTING
AM. IMAGE

INTERFERENCE

positined close to the bodrd and
tha lonts fram the coil cansiat of the
1hin coll wire ltsall | should imaglne
that the sat had besn glven & bump
which hod coused the wire 1o break,
Ar gny ramn | slmply soldared the
wira back to the bonid. checked oul
the set and found it was werking all
rigiht agaln,”

QUICK REPAIR

“It sounded preny horrible (o
me,” commented Smithy, “Even
ounr hors | could hasr wha! ssarmed
10 be quite strong image feguency
whistias en twe of the sisllom vou
tined 10, Brirg 1t ovar hom and jet's
take o butchars at it

Smithy pushad the televislon
chnssls m one sida of his banch and
sceapied tha radle which Dick
hintided him. He sat it to medium
wavis pgain and checked |ts parfor-
rrange, This whistles were still very
haticeabiy

“Just @ faw whisles” com-
mentad Dick ''Sa what®

e dayrime now.” atated
Sailiby. Tand the medlum wave
band s praiy gquist. If you get lin-
age Ireguancy whistias during
doylime condithons thy aerlal tuhed
cireulr - of 1his radio must e quite
sarms way off wlm, At evening and
nlght-fime, when the madium wave
manid 1= absalumly chock-full with
signals, vou'd proliably pet whistlos
an nearly avory signal yoo tahe n

Why am you 5o sure that thess
whinlles are Image {requency oniea,
onyvray

“Waell” aonfessed Smithy. ~I'm
not a hundred par cent cartaln. But
gvanyihing peints m© it One of tha
meajoe problems of medium wave
reception with a simple suparhat of
tha fype wa'va gol here is o aveld
Imege frequancy whistles, and this
can only b done successfully by en-
surimg thatl the sarisl tuned cirewlt
gives maximum salectivity 8t the
wanled signal frequaney. You hove
vourpalf #aid that this radico has
prabably hond 8 bump which cused
8 wirea fram the ferdite serial
medium wave poil 1o come adrifi
Irdm the printed board, Following
Ireers this. el taking in the preseros
pf thoss whistles, || spermm guite
probable nluo that sajd bump ceus-
ed tha madium wave aorial coil
be dislodged from its propar posi-
ton onl the lurrite derisl md.”

“Blow me” excinimed Dick, “l
paver thought of that'

Smithy opaned tha back of the
rucoiver and pleced an axpermental
flvger on the medlum wave ferits
ourinl call.

HWmm,  heoesm manted, Cire noat
all that tightly seeursd o the hod.”

Ho wned o the low freguancy
and ol 1he medilm wave band snd
found a4 station, with the tuning
capaciter vanas naarly fully
anmeshed, which was anly jus
sudide. He slowly pushad the
migdfium wave coll plang the rod,
wharsupan algnal  strength in-
crogsgd considerably, Ha soon
found 8 polnt for the eall an the mod
which cormosponded To  mud mum
signal strenath, (Fg- 1)

HADIO AND ELECTRONICS CONSTRUCTOR



Loy e Fartila rod Liraliie wo
el ol
Fig. 1. Smithy breught

"That's more llke 1" he said,
“lot’'s se& how the sat performa
Ho twned acrosa the medigm
witvie band. Tha sst was noticaably
morg lely gnd the whintles on the
BBC1 and BBC3I aslgnals had
magically disappsared.

Dick wan supramaly impressed
by thin display of electronic lngerde-
main an the part of Smithy.

“Goash Smithy, you'ra a gonlus!”

“Monsense,” matorted Smithy,
“just & bt of alamantary servicing,
thor's all.”

“But why did moving that ferrite
rad aorinl coll clear those whistles?™

“Bocause,” pard Smithy patiantty,
"It mada the sadlal Inpat tured cir-
ot pask mora pccurately at the
equired signal freaquancies, Now
look, 83 've already said, this litle
sa=1 ia o simple suporhet. and it has
an Intermediate lequency which
will be in the rangas ol 455 1o
4 768kHz or so. Lat'a say, for the sake
of argument, that the Lf. is 460kHz.

Ehh‘?ll
i Hl l 1 'II-
“On medivm waves, ' cominued
Smithy, “the slgnal ‘will ba

of the order of 5B0kHz at the low
fraguency end to 1,600kHz ot the
high frequency and, S50kHE is,
rough aheck, the sams as sbout
540 matred sand 1,B00kHE la axact-
by the same as 200 matres: 5o we
set up an aurial tuned cirgult and an
pacillator tuned circult which are
both wned by @ 2-gang capaciior.
Thesa are normally coupled, in a
vangistor radip, to a single tron-
pistor mbewr-oscillater, and the tun-
ol circults are aligned so that the
osoillator alwoys runa st the in-
memeadiate frequency of 480kH:
highar than the frequency o which
the asrial gircuit in tuned.” (Fig, 2).

I know all sbout that.” prolasted
Bick impatiently, “it's slamantary
guperhal theary, The oscllisor e
guency bests with the ncoming
pignal in the oscllilator-mixer 1o
produce sum and differsnce fre-
guancias, s the diference fre-
guancy we ra Interested in ham and
that goes Into the 480kH:z In-
JULY. 1679

termodigle frequancy amplifier.”

“Which,” sald Smithy, “provides
mast of tha gain and most of the
selectivity in the recelver. Right™

“Highm !

“"Good. Now having got that
soitled, tha nexi thing we hove w©
roalian ks that it is the oscillator fre-
quency which chooses the audial
signal which ls going to go nto the
460 kHz L1 amplifier. If we so1 the
oscillator to wun ot say, 1,4860kHz
then the signal which the oscillator
salacts to anter the L. amplifiar will
be one at 1.000kHe. Changing the
oscillator frequoncy has the sama
sffect an opwiating the wning con-
ral of tho recsiver. bezhuse you'rs
than selecting the signals which are
going to be allowed to go ino the
highly selective if. amplifinr. And
WE Now come 1o & sneg.”

"D'you maan the image leguen-
oy busineag T

"l do. i the asclllator ls running
at 1. 460kHz. It will 18t in &
V. OO0kHz signal all right because
thare's 8 480kHz diflarance
batwoon tham. But if there happeny
i be anothar signal at 1,8204Hz
the oscllator will led that ona In oo
bocause, once again, thare is a
A680kHz frequency differance
batwosn ihe two. The 1.920kMz
signnl is called the 'image’ signal.
its also called s “second channel
signal and it always appears al the
froquamey which 1s an the opposite
side of the osclllsior frequency o tha
destred signal, and which is spaced
away from the oscillator frequency
by the Intarmadiate feguancy. In
aumn, medium and long wave mdlos
the oscliletor fraquency la higher than
the required signal fraquancy, and
;ﬂ the image signsl appears above

“I supposa,” waid Dick. “tat it's

| S50-15004H:
Farrita

the jab of the sgnal fraguency win-
od circult o siop the imogo signal
getting through to the mher.”

“That's right,” confirmad Smithy.
“in hiph performance receivern you
will have several tunad circulis reso-
nant at signal frequancy to stop the
image signal, but in slmple medium
and long waove radios you hava to
mely on just & aingle wned circull to
do the job. Forturmtaly, the coll in
the tuned clroult is the one in the
territe rod garial and, bpcauss of the
ferriie rod, it has & very high @ In
practice it dossnt sctually prevent
an jmage aignal from getting
through o the mixer, becauss with
only o single tunad circuit o strong
imaga signal can stlll manage 1o
foice Its way pest |nstesd, the
farrite rod aselal tuned circult
booasts the desired signal so that Iis
amplitude is much greater than that
of tha image signal.”

“Hey, hold on & bit — you're gat-
ting away from me nowl™

“Think about it,” said Smithy.
“Lot's go back 1o ow exsmple in
which the escillstion I8 unning at
1, 4606Hz. Now, il the receiver hos
boan aligned comecily the serdal
tuned circuit will then be mscnant
at 1,000kH. Supposa thal, due to
the meeshver having had s bump, the
madipm wave lermiie serial coll has
become displaced on lts rod, so that
the algnal tuned cirouit rescnant
frequancy has changad 1o S00kHz.™

Dick frowned.

“Came off it Smithy, thera’s no
mead 1o rub it in”

"Tha maponse curve of tha signal
frequency tuned chrovit,”™ went on
Smithy s1ernly, Ignoring his
assistont.” will now have o very high
peok at 200kHz, but the skirts of the
responae will extend well up © the
sécond channal freguency of

merial I 1+‘
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Fig. 2. On medium waves the signal fraguency and ascillstor
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{h). Whan the aerial tuned circuit is corractly aligned ta 1,000kHz. the response at this fraquen-
ey is vory much greater than that at the image fraquency

1.920kHz. And so an image signal
at that frequency will gat through.
As also, of course, will the desired
1,000kHz signal but, due to the
detuning, its amplitude won't be
very much greater than the
amplitude of the image singnal. Do
you get the picture?” (Fig. 3(al.)
"Yas," rapllad Dick, “| think | can

-sge what you're driving at.”

“Well,” said Smithy, "Iif we now
readjust the aerial signal tuned cir-
cuit so that it resonates propearly at
1.000kHz, wa won't make any very
noticeabla difference to the
amplitude of the second channel
signal, But we will very greatly in-
creasa the amplitude of the required
1,000kHz signal so that, even
though the second channel signal is
still presant, its amplitude will be so
small relative to that of the required
signal that it will in most instances
have no audible effect in the
receiver at all.” [Fig. 3(bl.)

TRIMMING CIRCUITS

“Stap ma,” said Dick slowly.
“I've never looked upon the signal
frequency tuned circuit of a medium
and long wave superhet like that
bafora. To get rd of image frequency
whistles, than, you have 1o ensure
that it's giving maximum boost 1o
the desired signal so that any un-
wanted image signal fades into in-
significance when compared with
| Sy

“That's the idea,” agreed Smithy.
“vou probably won't be able to
get rid of alf the second channel
whistles on the medium wave band
of a simple a.m. superhet recelver
by careful alignment of the signal

frequancy tuned circuit. But you will
certainly get rid of most of them.”

“What sbout long waves?"

“Tha samae situation applies.”
stated Smithy, “but due o the fre-
quencies involved the problem is
not quite so acute, Say you want 10
plek up Radio 4 on 1,500 matras, or
200kHz. With an if. of 460kHz the
image pops up at 200 plus 920, or
1.120kHz. This is relatively further
removed in terms of frequency ratlo
from the desired signal frequency
than ogeurs with madium wave im=
ages and so the difficulties are not
so great. With the less expensive
gsets you often find that more atten-
tion is paid on medium waves to an-
auring that the signal resanant fre-
gquency is accurately peaked at all
settings of the tuning control than is
paid on long waves. With poor
designs you may even find that, if
the long wave signal resonant fre-
gquency ls correct at the Radio 4
frequency of 200kHz, this is con-
sidered good enough.”

“Why," asked Dick, “do the im-
age signals give these whistles?
Why don’t you actually hear the
sudio modulation which is present
on the image signal?”

"You would do.” replied Smithy,
“if its amplitude were extremely
sirong. But the most audible effect
is given by the image carriar, after
conversion in freguency at the mix-
ar, baating with the [.f. carrigr of the
required signal, The whistle changes
in frequency as you vary the receiver
tuning, by the way, because aof the
difterent freqguencies at the autput
of the mixer, If oscillation frequency
rigas, for instance, the image carriar

intarmadiate freguency decreases
whilst the required signal in-
tarmiediate frequency increases.”

Dick ponderad on this for a mo-
mant.

“What did vou mean just now,”
he queried, “when you said that
medium and long wave sats usually
have graater attention paid 1o cer-
rect signal frequency peaking on
medium waves than oocurs on long
wavas?”

MIXER CIRCUIT

Smithy leaned forward and pick-
gd up a shaaf of papers at the rear
of his bench, He thumbed through
these and gave & grunt of satisfac-
tion as he located a service sheat on
which was printed a receiver circult
diagram. He showed this to Dick,
painting 1o the mixer-oscillator sac-
tion. (Fig. 4.}

“This,”” he commeanted, "8
reprasentative of what you get in a
medium and long wave recelver
whan the circuitry is really cut to the
bone.”

"The wave-change switching
cartainly seems to be vary basic.”
said Dick. “All it needs is a 2-pole 2-
way switch.” :

“Exactly,” confirmed Smithy.
“Mow let's see what happens when
that switch is set to medium waves.
The left-hand section of the switch
takes tha lower end of the medium
wave ferrita rod coupling coll down
to chassis via the 0.47uF capacitor,
C1, That capacitor is virtually a dead
short at r.f, and it also allows the
mixer-oscillator transistor o receive
tl.e. basa bias by way of R1 and R2.
Right?"

RADIO AND ELECTRONICS CONSTRUCTOR
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“Right!" asid Dick smartly, “And
the right-hand section of the switch
ghorts gut the long wave tuned win-

‘ding on the ferrite serial rod. So,
evarything s set up in the serlsl
department for medium wave
reception.”

“Ouite s0,” said Smithy, “The
prime mgulremant which has next
W be mst is to ensura that ths
farrite aerizl signsl tuned circult Is
always resonant sl 8 frequency
which is lower by the i1, than tha
oscillator frequency at all settings of
the 2-gang tuning capsacitor, VC1(a)
and (bl, This fs known, of course as
‘tracking’. Tha serlal winding s tun-
ad direstly by VClis) snd the
trimmar TC2. The oscllistor tuned
winding has tha padding capacitor,
C4. between it and VC1 (b}l Anothar
trimmer, TC4, s connected across
VC1ib). The oscillator ciroult is prat-
ty straightforward, with positiva
feadback baing given from the tran-
slstor collactor back 1o its emitter,”

“Does the padding cepacitor
catar for the fact that the osclllator
iuning rangs is lower than the signal
frequancy tuning range?”

"It does. f we had & meodium
wave covarage of 560 1o 1,600kHz,
the oscillator range, with a 4B0kHz
i.f.. would be 1.010kHz to
1.980kHz. There la a lower matio
between manimum and minlmum
frequency, and so the oscillator wn-
ed winding regulres leas tuning
capacitanca. The tuning capacitance

is reduced by putting C4 In serles
with VCiibl. Now. the medium
wave agrial and oscillator circults
can ba aligned very accuratsly to
give' almost perfect tracking over
the whole range by adjusiing TC2
and TC4 at the high frequncy end of
the band, and the Inductance of the
madium wave gsarial coll and
the inductance of the
oscillater wned winding at the low
frequency end. You vary the seral
coil inductanca by sliding the asrial
coll alang the farrite rod and you
vary the oscillator inductance by
adjusting the core in the oscillator
coll. Let's next move the awlich
the long wave position.”

"Highty-hal Well, the switch see-
tlon @ the laft connects C1 to tha
top end of the modium wave farrita
serial coll via trimmar TC1. And tha
right-hand switch saction takes the
short o the long weve tuned win-
ding.” ;

“With the result,” broke In
Smithy, “that both tuned windings
on the ferrita rod are in sarles for
long wave recaption as are both the
eoupling windings. The lowar and of
the coupling windings now effec-
tively couples to chassis via A1 and
R2. Thesa resistors will offer goma
attenuation at long waves, which
can ba taken up by having o few
miore tums on the long wave coupl-
Ing coll. The most important thing to
notice takes piace In the cacillator
circult, What happena hers on long

waves ls thet thers s no changa In
tuning inductance at gil. Instead, the
right hand switch section simply
puts C3 and the trimmar TC3 across
VC1{b), These capacitors bring rthe
oscillator frequency down to the
range required far lang wave tuned
clreults, by means of TC1 and TC3,
and you gan adlusi the Inductance
of the long wave gerial coil by
aliding It along the ferrite rod. But
you cannol adjust the inductance of
the jong wave oscillator tunad win-
climg.”

“Why not?"

“Bacausa [f you do you'll mons
dp the alignment on madium waves.
¥ou can only slign the recelvar by
first lining up the medium wave
range and then going to ths long
wave band. If the receiver is & good
dasign, tha result of tha medium
wave alignmant will be such thet
you can get good tracking on long
waves with the limited long wave
adjustmants which are avaliable 1o
vou, Ideally. you should align the
madium and long wave bands ax-
actly as detallad in the recelver sar-
vica manual. With the better class of
receivar thera will ba precise fre-
quency |ndications st the high and
low frequency ends of tha. luning
scale to enoble you to ger the
medium wave. allgnment spot-on,
The situation for long waves will
then be that which the recaiver
designaer has decided will give op-
timum tracking on that band.”
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Fig. 4. Rpprassntstive madium and long wave mizer-oscilletor cireiit as ancountered mlu;u
expensive receivers. The muost important point fo note is that. on long waves, additionsl
capacitance io connected scross the medivm wave osciliator tuned cirouit
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CROBS5 MODULATION

“la that mixer-oscilletor oircuit
you've shown me given [(n all
madium and long wave recalvars?”

“You'll find the sama basic sp-
proach in mest,” replisd Smithy.
“Tha main varistions will ba in ths
way the farits rod windings are
switchad [nto circult on the two
bands. But you'll nearly always find
thet, on long waves, extra
copacitanca is ndded across the os-
clietor tuned clreuit. Whaersupon,
onca again, the medium wave band
has 1o be aligned first.”

Dick grinned,

“0o you realise,” he said, “that
&l this discussion hes prisen just
becausa that |ittte radio | sarvicad
had Image freguency whisties on
il

Despita himself, Smithy grinned
also,

"l gan sae that |'ve-fallen into the
usual trap,” ha chucklad. "Still, if
I'va glven you some idea on how to
avold imege imerferance on B.m.
ragelvers tha time has bean wall
spenl. I'd suggest you take thal sat
you fixed back 1o your bench and
give |t 3 full line-up on medium and
long waves before you consider It
proparly -serviced,”

“Okay-doke. Smithy.”

& thought suddenly ecaurrad o
Smithy.

“Before you go." he remerked,
"let me tell you sboul Bncther 3om
of radio interfersnce. Thiz one dis-
appears when the required signsl
taases transmission!™

“Carma on, Smithy. You'ra pulling
my leg.”

“Ma, I'm not. It's a form of In-
terfaranca which is mainly trouble-
30mMa on communlcationa receivers
and which can couss =soma real
degign hesdaches. IU's known &s
cross modulation intarfarence,”

“Cross modulation?™

“That's right. A strong a.m. signal
can cross moduylsta anothar am,
signal if they'rs appliesd to an
amplifier stege which dosan't have
@ linear charscteristiv. I it has a
nan-tingar ‘cheracteristic the stage
rigioris the signal it amplifias, and
this allows the two signals ta baat
together s0 that one cross
modulates tha other.”

I'm & bit lest hare” confessed
Dick. "Give ma an sxampls.”

Al right,” said Smithy obliging-
Iy. “Imaging you have a real auper-
dupar eemmunications racelver
with two r.f. stages. Say it |8 tuned
10 10MHz on Ihe short wave bands,
and that tha aarial Inpu1 wned alr-
cult has a usaful salectivity of about
500kHz on either side of ths -

quired gmignal. Tha selscrivity Im-
proves as you procesd thraugh the
sel. Aftar the firer r.f. amplifiar it is
about 100kHz and aftar the second
r.f. amplifisr It & down to about
20kHz. Following thet i1 goms
thraugh the mixer to the L&
armplifisr. wharaupan the salsctivity
can be kept down to a very low
figurs." {Fig. 5 (al.)
“I'm with you so fsr."

“Wall," cantinued Smithy, “lot's
next assuma that the required signal
at 10MHz is weak and that there's a
whacking great brosdcast trans-
mitter pumping oul & signal nearby
at 10.3MHz. This will gat through to
the first ri. amplifier gulte easily
and, If this amplifier has e non-linear
response, the strong signal will than
cross modulate the weak ona. Thera
s ne way in which you gan remove
that cross mudulation after it has
vccurred 8t the Mirgt rf amplifier,
aven if the subsequant effective
salectivity is nearly down 1o zaro
fraguency on sither side of the re-
guired signal. Croes modulation In-
terferenca ecan be recognised
because it disappears when the ra-
quired signal goes off tha air,”" (Fig,
5ib).)

“Blimey," seid Dick, impreszed,
"that's somathing w think abcut.
How d'vou get over the trouble®”

"The only solution |2 to design
tha racalver so that all the amplifier
stagas in the aarly part of the
recelver have very linear charactar-
istles, Funnily encugh, nobady
worrigd tgo much about oross
mudulation in communications
rocalvers fn the old wvalvm days,
bacause velvas can assily ba made
to have qulte |inear characteristics.
Cross modulstion only staried to
causa real unhappiness when the
cammunlcations recelver designers
changed over to transistors.’'

END OF SESSION

“Wyall,” =aid Dick happily, "8t
|east communications recelver
design isn"t somathing which need
trouble us o¢ much hare in the
Workahop.'

"Trua, true.”

“In fact, we need not get at all
uptight or angry aboul aroas
moduletion,”

Smithy sighed,

“4nd we can chesrfully whistle
our way through second channal in-
lerfarance.”

Smithy rummaged around an his
banch,

“On raflection,” persisted Dick
marchlassly, “all wa have to do is 10
present an-acceptabla imaga!l”

Wheraupon Dick ducked axpartly

HAIMD AND ELECTRONICS CONSTRUCTOR
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Fig. Sfa). The salsctivity offerad by a communicalions receiver
with two r.f. amplifier stages increases sfter each tuned circult

fbi. The zelectivity cirrves of tha receiver superimposed on sach
othar and cantred on a desired reception frequancy of 10AMME.
If, duw to non-finsarity in the first r.f, stage, an intecfering signal
at 10.IMHr cross modulstes the [OMMr aignal the in-
torfarance cannol be remaved by the svbseguent woad cir-
LUdE #ven though they raject the 10.3MHz signal lisalf

as the 2.200ufF 25V. Wkg. elsc- medium and long wave recelver
irolytic =alled harmlessly past his back to his banch for a tull and final

right ear. after which he carried the re-alignment. -




