
Ever wondered about the 

mysteries of detection, 

discrimination, MPX and 

other radio tuner 

terminology? This article 

explains the basics . . . 

by D A V E B E R R I M A N 

Hertz's early 
spark 
transmitter 
produced a 
broad 
spectrum of 
radio waves, 
what we now 
describe as 
interference. 
It was about as 
much use for 
selective 
communica
tions as using 
a shotgun to 
remove a 
single leaf 
from a tree! 

*As many readers will 
know, Hertz's name, 
appropriately, has been 
immortalised as the term 
for frequency, the 
abbreviation Hz 
replacing the old 'cycles 
per second' or els. 

ince t he first expe r imen t s by 
H e i n r i c h H e r t z * , wh ich p roved 
the exis tence of rad io waves , 

technology has developed t he use of 
radio to a level which wou ld have 
been unbe l i evab le to those early 
p ioneers . In H e r t z ' s expe r imen t , a 
powerful spa rk j u m p i n g across an air 
gap caused a smaller spa rk to j u m p 
across a n o t h e r , qu i t e separa te , gap a 
few feet away. 

H e r t z ' s early spa rk t r ansmi t t e r 
p r o d u c e d a b road s p e c t r u m of radio 
waves , w h a t we n o w descr ibe as 
in ter ference (of t he sort p r o d u c e d by 
electrical mach ine ry and car eng ines , 
for ins t ance , see F ig l a ) . I t was abou t 
as m u c h use for selective c o m m u n i c a 
t ions as us ing a sho tgun to r emove a 
single leaf f rom a t ree! 

T h e b r e a k t h r o u g h for rad io com
m u n i c a t i o n s c a m e w i t h p rac t i ca l 
e x p e r i m e n t e r s l ike M a r c o n i , w h o 
m a r r i e d i m p r o v e d spark genera tors 
to t u n e d electrical c i rcui t s , wh ich 
n a r r o w e d the range of f requencies 
wh ich were t r ansmi t t ed (F ig l b ) 
enab l ing m o r e t han one s ta t ion to use 
the air waves s imul taneous ly , while 
al lowing t he dis tant selection and 
recep t ion of just one of t h e m (see F ig 
l c ) . 

AMPLITUDE MODULATION 
T h e earliest t ransmiss ions could no t 
t r ansmi t voices or m u s i c . T h e y were 
k n o w n as con t inuous wave t r ansmis 
sions (see F igs l b and l c ) . T h e radio 
wave cou ld only b e t u r n e d on or off; 
t h e o n l y m e t h o d of c o n v e y i n g 
in format ion was to d o just tha t to the 
rad io s ignal , i e , in M o r s e code (Fig 
3). 

L a t e r , w i th t he adven t of the 
t he rmion ic valve, it became possible 

to cons t ruc t powerful rad io t r ansmi t 
ters w i t h o u t t he use of spa rk gener
a tors . Valves were used to m o d u l a t e 
(vary) t h e s t r eng th (or ampl i tude ) of 
t h e r a d i o w a v e t o c o n v e y con
t inuous ly vary ing (analogue) wave
f o r m of s p e e c h a n d m u s i c (as 
opposed to mere ly t u r n i n g it on a n d 
off in bu r s t s ) . T h i s is a m p l i t u d e 
m o d u l a t i o n (F ig 4 ) . I t is a s imple and 
elegant m e t h o d still used for m a n y 
rad io t r ansmiss ions . 

In an A M receiver , a rectifying 
circui t or A M detector r emoves half of 
t h e a l te rna t ing rad io wave (say t he 
b o t t o m half) leaving a rectified radio 
wave (F ig 5). W h e n the radio fre
q u e n c y half-wave pulses are filtered, 
the i r average va lue , wh ich is t he 
a u d i o s i g n a l ( p l u s s o m e D C ) , 
r e m a i n s . T h e D C is usual ly used to 
cont ro l t h e gain of earl ier pa r t s of the 
rad io receiver , to compensa t e for 
chang ing recep t ion cond i t ions , wh ich 
w o u l d o therwise cause fading of the 
signal . T h i s is called Au toma t i c Gain 
Con t ro l , or A G C for shor t . 

Ear ly A M sets u sed a small crystal 
of ga l l ium wi th a wh i ske r of wire in 
con tac t , k n o w n as t h e ca t ' s whisker . 
I ts use involved t he labor ious ques t 
for a ' sweet spo t ' on t he crystal whe re 
rectification was m o s t effective. T h i s 
was later replaced by the poin t -
contac t d iode (essentially the same 
th ing sealed in a m i n i a t u r e glass t ube 
b u t us ing g e r m a n i u m or si l icon), and 
m o r e recent ly Sho t tky bar r ie r d iodes 
(which w o r k well at very h igh speed) . 

DEFINING THE BANDWIDTH: 
SELECTIVITY 
Achiev ing t he des i red sha rpness , or 
' Q ' , of t r ansmiss ion or t u n i n g has 
always p re sen t ed p r o b l e m s . A h igh 
' Q ' wou ld seemingly be w h a t is 
des i red because this w o u l d allow only 
a n a r r o w b a n d of f requencies a n d 
t h u s filter ou t ex t raneous signals 
m o r e effectively (F ig l c ) . T h i s wou ld 
be fine, so long as t he rad io t r ansmis 
s i o n c o n t a i n e d o n l y t h e r a d i o -
f requency ' car r ie r ' wave a n d n o m o d 
ula t ion (F ig l b ) . H o w e v e r , as soon as 
t h e rad io wave is m o d u l a t e d , t he 
r ange of t r a n s m i t t e d f requencies is 
inc reased , e i ther by A m p l i t u d e or 
F r e q u e n c y M o d u l a t i o n . A m p l i t u d e 
M o d u l a t i o n p r o d u c e s extra s ignals , 
called s i d e b a n d s , at f requencies of 
t h e carr ier p lus t h e m o d u l a t i n g fre
q u e n c y a n d the carr ier m i n u s t he 
m o d u l a t i o n f requency (F ig 6) . 

F o r i n s t ance , t ake a carr ier fre
q u e n c y of 6 0 0 k H z . If th is is ampl i 
t u d e m o d u l a t e d by a f requency of 
4 k H z , t h e resul t is the carr ier at 
6 0 0 k H z a n d in add i t ion , s idebands at 
6 0 4 k H z a n d 5 9 6 k H z . If t he comple te 
b a n d of f requencies be tween D C and 
4 k H z were p r e s e n t , t he s p e c t r u m 
w o u l d s h o w a m u l t i t u d e of s idebands 
± 4 k H z f rom 6 0 0 k H z . 

AM SELECTIVITY 
T h e long , m e d i u m a n d shor t -wave 
A M b a n d s a re so c rowded tha t it is 
no t prac t ica l to t r ansmi t the full 
aud io s p e c t r u m , so it is usual ly 
l imi ted to a r o u n d 5 k H z , t h u s curtai l 
ing t h e s i d e b a n d s a n d c r a m m i n g in 
m o r e t r a n s m i s s i o n s . T h e t u n e d 
response of t h e receiver shou ld be 
b road a n d flat, w i th s teep s ides , if t h e 
h igher aud io f requencies are no t to b e 
severely r e d u c e d in level (a t tenu
a ted) . A very sharp ly t u n e d filter will 
achieve t h e des i red selectivity, b u t 
will resul t in a very dul l s o u n d . T h i s , 
as m u c h as t he i n h e r e n t 4 k H z u p p e r 
l imit , is w h y m a n y A M radios a n d 
the A M sect ions of some hi-fi t une r s 
often s o u n d du l l and lacking in 
spark le . 

FREQUENCY MODULATION 
Hi-fi t u n e r s are m u c h m o r e advanced 
in the i r ope ra t ion t h a n the early A M 
radios . T h e y use an al ternat ive form 
of m o d u l a t i o n k n o w n as F r e q u e n c y 
M o d u l a t i o n (or F M ) , in wh ich it is 
t he frequency of t h e radio-f requency 
carr ier w h i c h is var ied in sympa thy 
wi th t h e aud io waveform at the t r ans 
mi t t e r ; t h e a m p l i t u d e stays cons tan t . 
As s h o w n in F i g 7, t he carr ier fre
q u e n c y deviates above and below its 
cen t re f requency in d i rec t response to 
the m o d u l a t i n g (audio) signal . T h e 
degree of F r e q u e n c y Modu la t ion is 
t h u s referred to as t he devia t ion , the 
a m o u n t of increase and decrease in 
f requency to w h i c h the carr ier is 
subjec ted . F o r hi-fi F M , the max
imum dev ia t ion , co r r e spond ing to t he 
peaks of t h e aud io s ignal , should be 
± 7 5 k H z , b u t smal ler modu la t i ng sig
na l s p r o d u c e sma l l e r dev i a t i ons . 
N o t e , t he f requency of F M deviat ion 
is not t he f requency of the aud io 
s ignal , b u t is d e p e n d e n t on its level. 

FM SIDEBANDS 
F M m o d u l a t i o n p r oduces a different 
pa t t e rn of s idebands from A M . W i t h 
F M they sp read ou t in pairs f rom the 
cen t re f r equency , the i r f requencies 
and a m p l i t u d e s d e p e n d bo th on the 
devia t ion a n d the aud io signal fre
q u e n c y (see F i g 7) . F M s idebands , 
p e r h a p s surpr i s ing ly , ex tend beyond 
the m a x i m u m devia t ion of the rad io 
f requency carr ier wave . Away from 
the carr ier they are of progressively 
lower level. F o r r ecep t ion , it is no t 
vital to inc lude all t he s idebands , b u t 
cur ta i l ing too m a n y , or shifting thei r 
p h a s e , will wor sen t he pe r fo rmance . 

FM SELECTIVITY 
For tuna t e ly in t h e 87.5 to 1 0 8 M H z 
V H F w a v e b a n d used for U K F M 
rad io , in ter ference f rom o ther t r ans 
miss ions is less of a p r o b l e m t h a n on 
the A M w a v e b a n d s because the sig
nals d o n ' t usual ly t ravel so far as at 
t he lower f requencies used for long 
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Frequency-

F i g la: sparks and electrical intererence produce 
a broad spectrum of radio waves, which are of 
little use for communications 

Frequency— 

Fig lb: a pure (unmodulated) sine-shaped radio 
wave contains only one frequency and this can be 
used for selective radio transmissions 

Fig 1c: though three radio waves are present at 
the same time in this example, a single one can 
be selected by tuned circuits in the receiver 

• B a n d w i d t h 

F r e q u e n c y . 

D o t Dash Dot Dot 

T i m e -
Fig 3: turning the carrier wave on and off using 
Morse code was the earliest method of 
communicating using radio waves 

T i m e -
Fig 4: Varying the amplitude of the radio wave 
in sympathy with the audio waveform is called 
amplitude modulation and is usually expressed 
as a percentage of the carrier wave. If the peaks 
of the audio waveform reduce the RF carrier 
momentarily to zero, the modulation is 100% 

T i m e -
Fig 6: amplitude modulation introduces 
sidebands at frequencies spaced above and below 
the carrier, at the carrier frequency, plus the 
modulating frequency and also at the carrier 
minus the modulating frequency 

fc fc*d.p.k. fc fpd.p.k. 

DEVIATION- KILOHERTZ 

Fig 8: the FM detector provides an output which 
is dependent on the frequency from the I.F 
amplifier. Frequency modulation at audio 
frequencies therefore produces a corresponding 
audio output. If the tuner drifts off-station, the 
centre frequency will shiftfrom 10.7MHz, 
producing either a positive or negative DC. 
voltage. This is fed back to earlier stages to pull 
the tuner more accurately back on to the station 

Rectified R.Fenvelope 

Average = modulation 
plus D C 

Side bands 
Frequency— 

Inside the FM 
tuner, the 
ideal 
bandwidth will 
be wide 
enough to 
include all of 
the 
information 
contained 
within the 
radio signal. 
Outside this 
wanted range, 
the response 
should drop 
sharply, to 
avoid the 
upper and 
lower 
sidebands of 
adjacent or 
alternate 
channels from 
interfering 
with the 
wanted 
channel 
(called 
adjacent-
channel or 
alternate-
channel 
interference) 
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Fig 5: If the RF carrier is rectified in the 
receiver, the average value of the RF pulses is 
the original modulating wave. Some DC is also 
present and this can be used to regulate the gain 
of earlier stages in the radio to prevent signal 
fading or circuit overload 

Modulating frequency m 
R F frequency f 
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Fig 2: the bandwidth of a tuned circuit is defined 
as the part of the response curve which is within 
-3dB of the peak. Thus in this diagram the 
bandwidth is simply fh-fl in Hz 

Fig 7: frequency modulation creates an infinite 
number of pairs of sidebands which reduce in 
level away from the carrier, fc. The distribution 
of sidebands depends on the modulation index 
(the maximum deviation divided by the 
maximum modulation frequency). It is not 
necessary to receive all the sidebands to recover 
the modulation accurately, For a deviation of 
75kHz and audio modulation up to 15kHz, the 
bandwidth required is 2 x (75+15), which 
equates to 180kHz 
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Fig 9: simplified block diagram of an FM tuner 
showing how the superheterodyne principle 
works. The local oscillator is tuned to WJHMz 
above the wanted RF signal. This is combined 
with the tuned RF in the mixer to create sum and 
difference frequencies. The IF section selects the 
difference of 10.7MHz, amplifies and limits it 
and then FM demodulates it. The output is the 
original modulation applied prior to 
transmission. (In a stereo tuner this comprises 
both mono and encoded stereo information, 
which is fed to the stereo decoder, see stereo 
encoding and decoding) 

Register 

Tuning 
voltage 
to local 
oscillator 
and R F 
stage 

Fig 10: a synthesised tuner works in exactly the 
same way as a conventional superhet, except for 
the way the local oscillator frequency is derived. 
The output from a highly stable internal crystal 
oscillator is divided down to a more manageable 
frequency and fed to a phase detector. The local 
oscillator frequency is also divided down in 
frequency, but by a programmable divider which 
is under control of a Central Processor Unit 
(computer chip) which also controls a digital 
readout for display of frequency, etc. 

The output of the programmable divider is 
some fraction of the desired local oscillator 
frequency and this is compared to the setfraction 
of the crystal oscillator by the phase detector. 
This is followed by a phase-locked loop filter 
which produces a DC control voltage for feeding 
to the local oscillator and RF stage. This 
seemingly complex system effectively locks the 
local oscillator very accurately to the desired 
frequency with the precision of the crystal 
oscillator, thus virtually eliminating drift and 
enabling tuning to be programmed very 
accurately 

m e d i u m a n d shor t waves . I n addi 
t i on , a p h e n o m e n o n called capture 
effect locks an F M t u n e r on to t h e 
s t ronger of t w o s ignals , re ject ing t he 
weake r one even if it is on exactly t he 
same f requency . T h e m i n i m u m rat io 
be tween t h e w a n t e d a n d u n w a n t e d 
s ignals , for t h e larger one to d o m i n 
a t e , is k n o w n as t h e cap tu r e ra t io and 
is normal ly expressed in d B . T h e 
figure can b e as low as 1 or 2 d B in top 
t u n e r s . C o n s e q u e n t l y , F M t ransmi t 
ters can opera te at t h e same fre
q u e n c y as o t h e r s , p rov ided they are 
geographical ly d i s tan t . 

T h i s is fo r tuna te because , w i th an 
F M devia t ion of ± 7 5 k H z , t he total 
b a n d w i d t h t aken u p by the t r ansmis 
sion is in excess of 1 5 0 k H z , - m u c h 
grea ter t h a n for A M rad io . T h e total 
spac ing b e t w e e n t h e so-called adja
cen t channe l s is 2 0 0 k H z . 

I n real i ty , howeve r , s ta t ion fre
quenc ies can be m u c h closer , at 
1 0 0 k H z , or less. Geograph ic spacing 
a n d cap tu r e effect c o m b i n e to avoid 
in te r fe rence . 

Ins ide t he F M t u n e r , t h e ideal 
b a n d w i d t h will be wide e n o u g h to 
inc lude all of t he in format ion con
ta ined wi th in t he rad io signal . O u t 
side this w a n t e d r a n g e , t h e response 
shou ld d r o p sha rp ly , t o avoid t he 
u p p e r a n d lower s idebands of adja
c e n t o r a l t e r n a t e c h a n n e l s f rom 
in ter fer ing w i th t he w a n t e d channe l 
(called ad jacent -channel or a l te rnate-
channe l in te r ference) . 

THE FM DISCRIMINATOR 
W i t h F M t h e a m p l i t u d e is n o t m o d 
u la t ed , so an A M rad io wou ld no t 
r e s p o n d to th is signal p rope r ly . F M 
t u n e r s inc lude an F M de tec to r , or 
discriminator, t h e o u t p u t of wh ich 
d e p e n d s on t he f requency of t he 
rad io f requency f rom the I F amplifier 
signal (see F i g 8) . 

A b y - p r o d u c t of t h e F M detec tor is 
t h a t , in add i t ion to an aud io o u t p u t , 
it p rov ides a D C voltage wh ich is 
used to he lp t u n e t h e s ta t ion precisely 
to t he cen t re of t he F M de tec to r ' s 
m o s t l inear opera t ing reg ion , for 
m i n i m a l d i s tor t ion (called Au toma t i c 
F r e q u e n c y Con t ro l , or A F C ) . 

HOW RECEIVERS WORK 
H a v i n g got this far, th is is a good 
place to re t race o u r s teps a n d look 
again at just h o w rad io receivers 
w o r k . T h e early radios were little 
m o r e t h a n amplified crystal se ts , w i th 
poor selectivity. Because they s imply 
t u n e d in to t h e rad io f requency signal 
p r ior to de tec t ion a n d amplif icat ion, 
they were k n o w n as T u n e d Rad io 
F r e q u e n c y rad ios . T h e i r selectivity 
was often e n h a n c e d by feeding pa r t 
of t h e rad io- f requency o u t p u t back to 
a n d in p h a s e w i th t he aerial i n p u t (a 
fo rm of pos i t ive feedback called 
regenera t ion) . If t aken too far, t he 

rad io w o u l d b u r s t i n to uncon t ro l l ed 
oscil lat ion ( and effectively b e c o m e a 
t r a n s m i t t e r ) . J u s t be low tha t p o i n t , 
h o w e v e r , t h e a m p l i f i c a t i o n w a s 
e n h a n c e d , t he ' Q ' increased a n d t u n 
ing s h a r p e n e d to a significant degree . 

FREQUENCY CONVERSION: THE 
SUPERHET 
A significant i m p r o v e m e n t over t h e 
early T R F receiver was the Super 
h e t e r o d y n e , or S u p e r h e t for shor t . 
T h e sys tem is so effective tha t it is 
still in u se today in just abou t every 
rad io a n d hi-fi s tereo F M t u n e r . 

T h e basics a re s imple . T h e rad io 
f requencies a re selected by t u n e d 
c i rcu i t s , jus t as for t h e T R F receiver , 
b u t t he f requency of the i n c o m i n g 
signal is t h e n shifted to a n e w fre
q u e n c y , t h e I n t e r m e d i a t e F r e q u e n c y , 
or I F . T h i s n e w signal can t h e n b e 
amplified by a large a m o u n t a n d to a 
very precisely defined b a n d w i d t h , by 
an I F amplif ier . T h e b a n d w i d t h of 
t h e I F amplifier therefore effectively 
sets t he b a n d w i d t h of t he r ad io , or 
t u n e r , regardless of t h e f requency of 
t h e i n c o m i n g rad io f requency signal 
(see F i g 9 , wh ich shows the basic 
layout of an F M t u n e r ) . F ina l ly , t he 
signal is passed to an A M or F M 
de tec to r , as a p p r o p r i a t e , to re-create 
t he aud io signal for amplif icat ion. 

T h e shift in f requency , or conver
sion as it is cal led, is carr ied ou t in 
t h e f requency change r , or mixe r . 
T h i s is effectively a circuit w h i c h 
accepts t h e t u n e d rad io f requency 
i n p u t a n d also t h e o u t p u t of an 
in te rna l oscillator ( k n o w n as the local 
oscil lator) . 

T h e w a n t e d s ta t ion is selected by 
a t u n i n g circui t in t he radio fre
q u e n c y sect ion. T h i s pa r t of t he 
rad io is des igned to b e as l inear as 
possible to avoid i n t e rmodu la t i on 
b e t w e e n p o w e r f u l t r a n s m i s s i o n s . 
S imul taneous ly , t he local oscillator is 
t u n e d to a f requency slightly to one 
side of t h e w a n t e d rad io f requency 
signal . In F M t u n e r s , t he local oscil
lator is always 1 0 . 7 M H z above t h e 
w a n t e d rad io f requency , while for 
A M radios and tune r s it is usual ly 
a r o u n d 4 5 0 k H z above . 

T h e i ncoming rad io f requency a n d 
local oscillator signals mix toge ther 
in a del iberate ly non- l inear circui t 
( the mixer ) to p r o d u c e n e w f requen
cies at b o t h t he s u m a n d the differ
ence of t he two . 

So , in an F M t u n e r t u n e d to an 
incoming s ta t ion at 1 0 0 M H z , t h e 
local oscillator wou ld be t u n e d to 
1 1 0 . 7 M H z and the o u t p u t of t h e 
mixe r wou ld b e 2 1 0 . 7 M H z ( the s u m ) 
and 1 0 . 7 M H z ( the difference). T h e 
2 1 0 . 7 M H z is no t r e q u i r e d , b u t t h e 
1 0 . 7 M H z signal is t h e In t e rmed ia t e 
F r e q u e n c y , conta in ing t he s idebands 
(and hence wan ted informat ion) of 
the original b u t at a n e w , carefully 
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Fig 11: as the radio-frequency input of a FM 
tuner is increased, the output increases as shown 
by curve A. Simultaneously, the noise drops as 
shown by curve B, which indicates the noise in 
mono. At some pre-determined threshold, the 
stereo decoder will switch on automatically . In 
our example this occurs at just over IOJXV, above 
which the stereo noise decreases as shown by 
curve C 



defined range of f requencies . Unfor
tuna te ly , t h e r e is ano the r r ad io fre
q u e n c y w h i c h can p r o d u c e an o u t p u t 
of 10.7 M H z from t h e f requency 
changer a n d t h a t is 1 2 1 . 4 M H z in our 
example (121 .4-110 .7 = 10.7) . T h i s 
is the image f r equency , w h i c h m u s t 
be rejected in t h e R F stage. M a n u 
fac turers ' specif icat ions often q u o t e 
an image rejection figure. 

noise ra t io because , after decod ing in 
t h e t u n e r , a c o r r e s p o n d i n g d e -
emphas i s is incorpora ted wh ich cor
rects t he f requency response to flat, 
whi le r e d u c i n g noise in t he p rocess . 
T h e p r e - a n d d e - e m p h a s i s a r e 
e q u i v a l e n t to a r e s i s to r / capac i to r 
filter hav ing a t ime cons tan t (resist
ance mul t ip l i ed by capaci tance) of 
50/us (75/xs in the U S A ) . 

Inputs 

Fig 12a: the left and right channels are time-
division multiplexed by switching at 38kHz 

SYNTHESIZED TUNING 
M a n y t u n e r s have a digital display 
wh ich is s imply a digital r e adou t of 
t he local oscil lator m i n u s 1 0 . 7 M H z 
to p rov ide t h e f requency of t h e t uned 
s ta t ion. T h e s e are therefore no th ing 
m o r e t h a n o rd ina ry t u n e r s wi th a 
digital r e a d o u t . A synthesizer t u n e r , 
on t he o the r h a n d , effectively ' locks ' 
t he local oscil lator to a very accu
rately set f r equency der ived from an 
in te rna l crys ta l -control led oscillator 
(see F i g 10). A u t o m a t i c f requency 
cont ro l m a y still also b e used to align 
the t u n e r even m o r e precisely to the 
s ta t ion. T h e benefits are very stable 
drift-free t u n i n g . 

STEREO MULTIPLEXING 
Stereo mul t ip l ex ing is a very effec
tive way of squeez ing two channe ls of 
in format ion i n t o one and is an exam
ple of encod ing by t ime division 
mul t ip lex ing (or M X P ) . At t h e t rans 
mi t t e r , an e n c o d e r is u sed wh ich very 
rapid ly swi tches be tween left and 
r ight channe l s of t he aud io i n p u t (F ig 
12a). T h e f requency of swi tch ing is 
at 3 8 k H z , well above the aud io b a n d , 
inaud ib le to t h e l i s tener . T o a n o r m a l 
m o n o t u n e r or r ad io , it is to all 
in ten t s a n d p u r p o s e s a m o n o s ignal , 
because t h o u g h it is swi tched it 
conta ins b o t h t h e left and r igh t chan
nels . A m o n o t u n e r therefore p roces 
ses it as a m o n o signal . 

F o r a s te reo t u n e r to be able to 
recover the separa te left a n d r ight 
channe l s , t h e t u n e r m u s t swi tch the 
c o m b i n e d L + R signal to left and 
r ight channe l s at 3 8 k H z and in exact 
s tep wi th t h e t r ansmi t t e r . R a t h e r 
t han t r ansmi t a 3 8 k H z s ignal , wh ich 
wou ld take u p va luable m o d u l a t i o n 
space , a 1 9 k H z s ignal , k n o w n as the 
pilot t o n e , is t r a n s m i t t e d ins tead (see 
F ig 12b) . T h i s is recovered in the 
t une r a n d u s e d to regenera te the 
3 8 k H z swi tch ing signal . P rov ided 
the original left and r igh t signals 
c o n t a i n n o i n f o r m a t i o n a b o v e 
1 9 k H z , t he s te reo compos i t e signal 
(Fig 13) will con ta in all t he informa
t ion in t he or iginal left a n d r ight 
channe l s . 

PRE-AND DE-EMPHASIS 
Pr ior to s te reo encod ing for radio 
t r a n s m i s s i o n , t h e h i g h - f r e q u e n c y 
range is boos t ed sl ightly by 6 d B per 
octave above a b o u t 3 k H z . T h i s p re -
e m p h a s i s i m p r o v e s t he s ignal- to-

STEREO DECODERS 
D e c o d i n g involves recover ing the 
19kHz pi lot t one , d o u b l i n g it to 
genera te 3 8 k H z and locking an oscil
lator accura te ly to th is f requency , 
swi tch ing to recover the original left 
and r igh t channels (F ig 14). 

H o w e v e r , if signals above 5 3 k H z , 
such as p i lo t - tone ha rmon ic s f rom 
adjacent channe l s , en te r t he s tereo 
d e c o d e r , t h e y can cause ' b i r d i e ' 
in ter ference (a k ind of fluctuating 
h igh- f requency noise) . T o p reven t 
th i s , a low-pass 5 3 k H z filter is incor
pora t ed p r io r to the s tereo decoder . 
After decod ing and amplif icat ion, 
de -emphas i s restores t he original flat 
f requency response a n d a low-pass 
M P X filter removes any pi lo t - tone or 
h a r m o n i c s w h i c h c o u l d in t e r fe re 
wi th t ape recorder opera t ion . 

T h e exact m e t h o d of re-crea t ing 
t h e 3 8 k H z s w i t c h i n g f r e q u e n c y 
varies f rom t u n e r to t u n e r , b u t often 
involves a phase- locked loop wh ich 
compares t he phase of t he 3 8 k H z 
oscillator to t he doub led p i lo t - tone 
and locks t h e oscillator to it in phase 
a n d f r e q u e n c y : h e n c e t h e t e r m 
phase- locked- loop stereo decoder . 

A different way of looking at 
s tereo decod ing is to cons ider the 
f requency d o m a i n ins tead of the t ime 
d o m a i n . W h i l e the b a s e b a n d infor
m a t i o n , u p to 15kHz , r ep resen t s L + 
R , the sub-car r ie r in format ion from 
2 3 k H z to 5 3 k H z represen ts L - R . If 
the 3 8 k H z sub-carr ier is re- inser ted 
(after be ing regenera ted from the 
19kHz pilot tone) , t he 2 3 k H z to 
5 3 k H z signal can be d e m o d u l a t e d by 
an A M de tec tor to recover L - R . T h i s 
signal can t h e n be a d d e d to and 
sub t rac ted from L + R to p r o d u c e 2 L 
and 2 R , wh ich are the original Left 
and R igh t channe ls . I t is possible to 
bui ld decoders which w o r k in exactly 
this fashion, as opposed to t ime-
swi tching (F ig 15). 

RDS 
A recent b roadcas t ing innova t ion is 
the addition of R D S (Radio Data Sys
t em) signals on a m o d u l a t e d sub-
carr ier , p rov id ing stat ion identifica
t ion and o the r informat ion . T h e s e 
signals are t aken from the I F o u t p u t , 
p r io r to t h e F M detec tor , for proces
sing by ded ica ted c i rcui t ry . V~ 

T h e n e x t 'Back to Basics' article will 
appear in the August issue. 
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19kHz 

Fig 12b: before transmission, the 38kHz is 
divided by 2 to create a 19kHz pilot tone, which 
is transmitted along with the multiplexed left and 
right channels 

Electronic 
switch 

53 kHz 
'Birdie 
filter 

Stereo 
outputs 

Fig 14: this form of stereo decoder works in the 
time domain. It takes the signal from the FM 
demodulator, (after signals above 53kHz have 
been filtered out to avoid 'birdies') and switches 
it at 38kHz to restore the separate left and right 
channels. De-emphasis restores the frequency 
response to flat and low-pass filters remove any 
19kHz pilot tone, 38kHz or harmonics 
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Fig 15: an alternative form of stereo decoder 
works in the frequency domain by selecting the 
23kHz to 53kHz range, re-inserting the 38kHz 
sub-carrier and AM detecting the L-R signals. 
The L-R can then be added to (and subtracted 
from) the L+R baseband signal to derive 2L 
and 2R signals - the original stereo channels 
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Fig 13: the spectrum of the stereo multiplexed 
signal looks like this. The base-band information 
to 15kHz is theL+R, or mono information, 
whereas the 23 to 53kHz information is the L-R 
signal. The 38kHz sub-carrier is suppressed so 
that the L-R signal can be transmitted at a 
slightly higher level for improved signal-to-noise 
ratio 
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