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Mathematic$
of AM Sidebands

You can understand the theoretical reason behind Fessenden’s f3

send acceptable quality voice by spark-gap transmission once jt js
amplitude modulation (AM) spreads energy over an interval of ﬁ'equén
with a constant amplitude sine wave of a given frequency, then You hayv,



time he wrote it, the first commercial single-sideband (SSB) AM radio link
York City and London had been in operation for 3 yr! According to
sition, such a radio (discussed in great detail in Chapter 20) simply
rk, and the fact that it did work apparently never caused him to reconsider
on. Old ideas die hard.
ationed in the last chapter, the problem with spark gaps is that, even before
apt to modulate their transmissions with voice amplitude variations, their
e created with AM inherently present because the antenna circuit oscillations
entially damped. The conclusion then (if you accept the premise of the first
h), is that spark-gap radio transmitters are sloppy, literally spilling energy into
es that can be considerably different from the nominal resonant frequency of
a circuit. Later, in Chapter 11, I'll work through the precise mathematical
s of the sloppy radiation behavior so characteristic of spark-gap transmitters,
h was a flaw sufficiently awful as to be a fatal one for their future.
yose, then, contrary to the state of technology even as the twentieth century
n. that we have a stable source of constant amplitude, radio frequency oscillations
frequency w,=2mf, radians/second). The frequency f, (in hertz) is called the
frequency. For commercial AM broadcast radio, f, is in the interval 540-KHz

500 KHz. I’ll write the carrier as simply
c(t)=cos(w,t),

h the assumption that the carrier has unit peak amplitude. That is, whatever the
actual peak amplitude of the carrier may be, it will serve as our amplitude reference.
Next, suppose we have a very simple signal we wish to transmit — the sound of a
serson whistling at the frequency ®,,=2f,, . By experience, we know f, is at most
on the order of a few kilohertz, and so f,<f.. Such signals as a person whistling (or
lking), with frequency content varying from dc (hertz) to some maximum upper
requency (in the low kilohertz range for human speech) are called baseband signals.
fwe denote the amplitude of this “whistle signal” by A,,, then the message signal is

m(t) =Amcos( W,t)-

are certainly not synchronized, we should actually
&, to allow for the (almost certain) possibility that
ly at their peaks at 1=0. That is, let’s more gener-

In fact, because c(¢) and m(?)
58 in an arbitrary phase angle,
'5) and ¢(¢) are not simultaneous
ly write

3
k.

c(t)=cos(w.t+ P) and m(t)=Acos(@pt).

»1 Now, as shown in Figure 6.1, imagine that we apply the garﬁer signal to a multiplier,
along with the message signal (added to a dc shift of mty) on the other multiplier
nput. Then writing the multiplier’s output signal as (1), 1.6. the signal to the radiated,

e
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w eY gikwgi)te it, (tihe first commercial single-sideband (SSB) AM radio link
ty and London had been in operation for 3 yr! According to

osition, such a radio (discussed in great detail in Chapter 20) simply

k, and the fact that it did work
a : ‘
n. Old ideas die hard. pparently never caused him to reconsider

tltor:sd IIlln (;h;: last cl.lapter, thc? p.roblem with spark gaps is that, even before
‘ p odulate their transmissions with voice amplitude variations, their

: (if you accept the premise of the first
ph), is that spark-gap radio transmitters are sloppy, literally spilling energy into
quencies th.at can be considerably different from the nominal resonant frequency of
enna circuit. Later, in Chapter 11, I'll work through the precise mathematical
s of the sloppy radiation behavior so characteristic of spark-gap transmitters,
h was a flaw sufficiently awful as to be a fatal one for their future.

ppose, then, contrary to the state of technology even as the twentieth century
n, that we have a stable source of constant amplitude, radio frequency oscillations
e frequency . =2m7f radians/second). The frequency f, (in hertz) is called the
Jfrequency. For commercial AM broadcast radio, f. is in the interval 540—KHz
) KHz. I'll write the carrier as simply

c(t)=cos(w,t),

the assumption that the carrier has unit peak amplitude. That is, whatever the
peak amplitude of the carrier may be, it will serve as our amplitude reference.
xt, suppose we have a very simple signal we wish to transmit — the sound of a
0 whistling at the frequency ,,=27f,, . By experience, we know f,, is at most
on the order of a few kilohertz, and so f,,<< f.. Such signals as a person whistling (or
king), with frequency content varying from dc (hertz) to some maximum upper
frequency (in the low kilohertz range for human speech) are called baseband signals.
we denote the amplitude of this “whistle signal” by A,,, then the message signal is
m(t)=A,,co8(wyt).
In fact, because c(¢) and m(¢
08§ in an arbitrary phase angle,
1(2) and c(¢) are not simultaneously
lly write |

) are certainly not synchronized, we should actually
, to allow for the (almost certain) possibility that
at their peaks at r=0. That is, let’s more gener-

s
iy
i

c(t)=cos(w;t+ &) and m(t)=Ancos(@pt)-

agine that we apply the carrier signal to a multiplier,
ded to a dc shift of unity) on the other multiplier
tput signal as r(t), i.e., the signal to the radiated,

- Now, as shown in Figure 6.1, im
along with the message signal (ad
put. Then writing the multiplier’s ou
we have




r radio transmitters to work, we need to shift bas

1m
sjanal m(1) by COS((UC[). The spectrum of m(t), which %

) 18 distributed in frequency (Rayleigh’s energy theor

adio receivers to work we obviously need to shift the

key to unlocking the physics of what is happening in these circuits.

of th

Utput of
IeIgy of
therefOre 4

b W8 go)

o LL% AEn inclu
¢ product term; the fotal circuitry in Figure 16.1 (in
Multiplier.

tion for how to build a multiplier is not .quite comfe,lfte’
eInie}snuS With the obvious problem of how to bmld-a s‘llsu Z spc;,m
e ®Xpect this to be a simpler problem, as sguarmge o
o i, " Multiplying. After all, a squarer has US98 ol apply
S’ SqUarer can be built from a single multlp#lelrdiscuss
! P Multiplier inputs). In the next ch.ap i
" Some detail, put for pow let’s verify 4t

s 145

eband
revious work has shown you how to do that_g; CNCIZY up to ff, Oy

Ply. multiply the basebang
sc;nbes how the energy of
: i €m), then shifts both

jown by @, the so-called carrier frequency. Going next in the opposite djrecﬁ‘(l)[[)l afI‘(l::
' up-shifted spectrum of r;1 {
hack down to baseband where we can hear it. Again, multiplication is the way to dc(> i)t
(1l discuss this process in more detail in Section Four). Accurate analog multipliers
tat work at radio frequencies are expensive, difficult-to-build devices, however, and
some great ingenuity has gone into developing indirect ways of performing multipli-
cation (and, hence, spectrum shifting). You will be able to understand how these clever
circuits work because you have (haven’t you?) worked your way through the math-

ematics of the Fourier transform in the previous section. The Fourier transform is the

To begin, let’s drop our sights a bit, and instead of directly building a multiplier let’s
udy the behavior of the summer/ squarer/filter shown in Figure 16.1. fl"he
Sarer is m2(1) +2m () cos(aw,f)+ cos?(w,t), which includes the desired e
m(t)?os(wcf)- It also includes, seemingly to our misfortune, i Otherthtersm:.ctrum
lonishing fae¢ is, however, that it is possible to arrange mae s%:h :t wee C:n apply
e, FOuCt term i distinct from the spectra of the other terms. /T

. the
. will pass only
the squarer to a suitably designed bandpass filter o ding the filter) 1

output of the
product term

of course, becaus®
Intuitivelys hovflever’

jal, less comphcated




CHapy
ﬂ,nc/hronous ot
Demodulation and

s Problems

i ion has shown us how, gj
revious section n us , given a basebang «
111‘: Epectrum up to rf by multlplylng m(t) by 5% Signal i

(), w ;
(wt). To £ » We can shify
be detected by the envelope detector circuit disc orm th
o

i ussed in ChaptereﬁAM signal that
o this prOdUCt a constant carrier term (See Figure 61) This glv > W€ must next
il :

,“double sidebayd, largej carrier,” or DSB-LC, AM signal. [ discus:zdwilrllatci; el
ghy a strong Carrier term is necessary fgr the proper operation of the S da;;;;er 6
_he output of the detector is proportional to m(t) if a sufficiently strong cam::?;
gresent, but if there is no carrier or even if it is present but too weak, then the detector
prodces a signal proportional to |m(#)| (see Figure 6.2) which is unintelligible.
However, I also discussed how the insertion of a carrier at the transmitter wastes
energy. A natural question, then, is to ask if there isn’t some way we can extract
(detect) m () from m(t)cos(w, ) without having to assume the transmitter has added in
acrier term? Such a signal is called “double sideband, suppressed carrier,” or

DSB-SC, and the answer is yes. The following discussion shows how, and also why
“mmercial AM radio does not use DSB-SC.

| s an easy and educational expermmgﬂﬂo show ’ﬂh@t vlm’('f)‘\ 'ﬁ;gg::;“ﬂ?‘gip
f;g 'l a ful-wave rectification (see any book on @lggw@mcsf&og’?h@: cading fo e
s S of such a rectiier) of (). So, sMPY 1K€ 18 MIEE FE e
< aker of a radio and insert the rectifier. Wh fo i
itsumntemgib,e! ?nd insert the gctifier. V¥' A

To
. vial proble
demoézlcover m([) frOm a DSB'SC Signal iS, on pape[, acm;luy a t;:ﬂaﬁon of hetero-
n theate ‘e DSB-SC signal m(t)cos(@ct) we’ll just use £ m(r) WP Y

0
; Qre . ift the SpGC ’ T Spec
e M again, the same theorem we sed 0 S ift th

of tp d by oS wt (t 0 Centefed
be gy e Thus, if we multiply m(£)e0s(@ed) 2 €5 Fand down 10 B and
& ‘”;0 Signal both yp (to be centered aroui™ = F. Cjust the origi®

* BUt a spectrum centered around e

= 161 @
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162 ® CHAPTER ¢ The energy at and aroun E
an .

4 IS, On i /]
a megahertz for AM radio, 5 he Qﬂlq -1 at
t least d dcan utp
just Wh Gy, (OYerl rminals of a oS speake.r, for SXamy h 0, aC
17 frequen input te hich is at audio fy, " o
! ectrum an ry hi h 4% the mpd spectrum—w 4 encles\bhl oufS
hgnda at ao‘r’:d Gf a%ph: e baseb?g bepcompletely unresponsive tq Chergy o i )S’e 00“;
ely g0 epro uC. ja, wou : y Th
sai Thet wouldcrh::nical QGT?OW_Pass ﬁlter_)g assumes that the receiye. ich iy, som®
;gcause of rflsea mecha?lca roach is that 1 dreds, even thousands of Milgg, haSt}; shoW!
e Speakerllm with this aPtIt)er by tens, hun because for this approgch to w, i givin;
The prolfﬂr(‘:In oy transm’Il‘hi s is a problem sinusoid to be precisely 4 frequen. (timi'
Sepal'ated () availab'le' it frequellcglitteras sinusoid, ie., the receivErm {0 f
signal cos for the receiver ¢ with the trans At Tt e Teceivery ;s the
neCeSSari’o be phase (,'Oherfl d not cos{(w, + itter’s carrier, and so thig Dprogy have‘
w, and fe cos(wf) an ith the transmi ization is required, Cly nega
enera zed W chroniza
i Eeese synchrontze see why syn transmi, Tk
:llator must lation. To ismatches between o
g e hronous demodula hase or frequency mis outp
ne . € .
Calledhszft happens if there are p e (£)cos(wt) the receivey gt
late W ; h, only. Receiving m loop
I‘CCCIVCI:- first a phase mlsmfcltc ) Jock
COHSlderb cos(w+6) to give it if
o g S y C
multiplie 1 (6)+cos(2w,.1)], they
(@.t+6)= 5 m(1)[cos carr
m(t)cos(w t)cos(w, 2 (1)cos(8). s 16.
: to m(1)Cos(o). !
oportional hich is m(1
recover a term pr : 0s(6), whic .
from which a low-pass filter Caﬂr: amplitude attenuation factor Cﬁ]t(er output sigs an
mismatch appears therefore as the °. At #=90°, however, the' ot 4 f sai
: il (if) 6 approaches 90°, A ’ recise timing, 6 rad
serious until (i ) Pp ; big as 8=90° represents p 5 represeﬂ ;
vanishes! Even a phase mismatch as big a ahertz, cachi Defledi GRS st
middle of the AM radio band, at one megahe tter and the receiver a
360° and so 5 9q° mismatch means the transmitter
fianoseconds out of time ali

We can simply pe
amplification, The probl

. of il
ction of
nknown functio®
em with that is that g ig generally an u g
because the received sj

o
¥ u-me_varylﬂv ]
gnal has made jtg Wway through SPaC,e i:l/ l?nz in a cird® jﬁd‘*
(€., consider p, case of a receiver op ap airplane that isn’t f)rlom an altind®
the Tansmitter, o, radio signa]g SCattered back down to earth
ating ionosphere).

As bad a5 Phase m;

Mismatch i for g
arguably (far

bl Orse. To see thi
multipljeg by cos{(wc+Aw)}

Stg
St

B
.Sma[C"zf,
| | : ncy ™ el
ynchronous demodulation, freg:fwct) ec
> Suppose after receiving m(1)c
o give

o, +ho1
COS(wct)cos{(wc+Aw)t}= % M(t)[COS{(Aw)t}+cos{(2wc

#
'ﬂ‘at i
i
A STAERE
i ﬁlter removes a tel'm proportional to m(t)coz{n 7 Slf:ndbf
Significay, for elz,latCh “PPears 5 a time-varying amplitude ﬁ.‘cwr"l ‘
Ty Smal] iSmarcheg. For example, if fe




SYNCHRONOUS DEMODULAT|q, AND Irs
1

st one part ina mllllon‘) then the g

Zero to mammum and baCk to Zero twiCe u Setil OW-paSS ﬁlter
effect, rendering human speech unintelligible (5 YOuOcn this woy)q
Tc by rolling the volume control on 4 radio back anda;1 S;[Ihmﬂate for

0

.

: tWiCe a
¥} ion from all this is that to successfully demodulate DSB-5¢
A gclus receiver to-accurately reconstruct the carrier. And thege ; We neeqd
Mhich ay 1 oA 19.1. The received signal m(t)cos(w.r) is i € 15 2 way, 55
el Ei ApIgUre T 2 2 Th _mmediately squareq
Dlles, haS 2(t)+(1/2) m (t)COS( wct)- e first term g a baseh Sy >
to woy [t a2 m 2w,,), and the second term is that same baseband s; and signa]
at 1 ﬂ'»ﬂ‘]v ’ ﬂ)l oz m)s d 2t 34 Th i }gnal shifted up
frequ i 10 m centered on @ @, . The crucial observation ar shie .
eChiv s T s SPET ill be energy at w=2w,, b 2 o WS point
-CIVer myg ™ sures us:there WIL'D gy @e ., Decause m*(t) is certgin 1o
“Civer’s ], o this ¢ or0 d-c value over its duration (because a squared qQuantity is never
s -2 .
5 apProach is e 8 O;or qore on this, see Problem 19.1.
I 11 caley ﬂéganve)- {ry) DATTOW bandwidth bandpass filter centered at 0=2w, will have an
MSmitter a4 his, awl’ice the carrier frequency. The narrower the bandwidth of this filter the
it al

: d the level of this book, but an exotic circuit called a phase locked

g 18564 k of tructing the carrier." Such a circui
1) can be used for the task of reconstructing the carrier. Such a circuit can
W (Pto hoth the frequency and the phase of the transmitter’s carrier, and then track
b?;nrher one (or both) of the carrier frequency and phase change with time (which
;';y woth will surely do in real life). We can drop the filter output frequency down to
arer fequency using the regenerative frequency divider circuit discussed in Chapter

eceiver thep

»s(6). Phase i Tis reconstructed carrier signal is then used to hetergdyne the ongm§1
/hich is not #fios() signal, and in particular to reproduce the b.asel_)and S}gnal m9(t1)- ;‘;;:;2
itput signal antvious problem with this receiver, however, as the circuit of Figure 19; ; o
1, i.e., in the diobe “simple.” The use of DSB-SC is not attractive for commercial AM io o
 Tepresents ,vith its need for tens of millions (or even more) of cheap recelverﬁeckbooks
e only 259 g attractive to the potential customers of the advertisers 'wrlo::ason e
the 6= b whole business possible. This, quite simply, is the technic

. 1 eooally evolved.
Mitongyg demodulation isn’t the way broadcast AM radio historically _

if
5 po i ioht well be wondering
Smchr[hls point, with only its deficiencies discussed, yO}l mlghtu ey
‘“ﬂnesml?us demodulation is ever used? The answer 1S Y65

e ‘¢already discussed the energy inefficiency of

: i oW
€ 1t is important to put every watt of available P

%"‘(W)

4

Narrow Bandwidth
\_’
Passband Filter @ 20

Py ‘
e 1y o (0555

. o car
A feCeiver for double sideband, suppressed
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Sy o not the carrier), e.g., in
g;r;g _S_;gcnillagl pe worth the extra gost of_ the receivers, Az elc’zrtable
really pursue in this book because 1t r'equ1res knowledge of Proll:d Teasoy
DSB-SC is much better able to withstand the effects of i'ibuisﬁc they W
pSB-LC. And finally, [ should point out that DSB-LC is reallnmse (v Signy)

pronous detector in a bit of disguise! :ths i)sl, demodula b,
S0 beg : y

radio with a sync
e detection requires the use of a diode that conducts auge
nly dye ]

the sidebands,

of envelop ‘
each cyc']e of the 1_nqu signal—and the timing of this conditjqn ; .
carrier signal (which is not locally generated as i 1on jg Ong,
; as 1t would Contryp -t
receiver). be 3 {0, Olledb
Synchronous communication systems do h Vich i
: ave 0 jsmm
spoul.d be megnoged before we leave them. C Ollsi?izf tiXtraordin 5 Ty mis
g;r;l;tz :2.‘1_’“’” 1n ai?gure 19-2’, where it is assumed that the . © ansmitge, ' fy
> e eirtzvtr able: As I'll SI.IOW next, these circuits alfcelver has 4 pe . Tecey,
the same carrier fraens;nl t two entirely different baseband si W US todo the sqre.pﬁta
quency at the same time without mutualgillllgtuf-,fm1 (1) ang fne ”(“ﬂgl)
erference) Ty, ) q
+ 1he key i Expalt
b
51
5
-
or, af
si
2 gnal
) ()
It
Y(2)
by b
CrOSs‘
Ob
Q‘\M
Fi DSB
GUR | Tag;
D - \]
il he trangmi —0 MNope
» Wit i Wy,
h a thSG(tOP) a / ‘ L W thlllh
jtude il she -
tude Oy

N recea;

c (bo : —

hof g4 e t:gcrz)ivf:: quadrature amp! gl
. b at i v
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. pals at the same frequency but 9¢e

. ¢ ut of ph 3
nd reg the carrier1 S:jaq yadrature amplitude multiplex (QAM). Frl())rr?st;; ‘;{lhlch I8 why thig
SO X, O%e; e :
babmsﬁcnsithat We ct:? “"e:;ab‘h l‘?[([::(lj signal 18 8Ure we oo tha
. gn % ) P
KNS 8grs, s, S g o W ¥ 08
dem(()dlsltli?:d’) e e ™ (1) =m1(D)OS(wet) + my(t)sin( g gy,
in s

(fl(l)lbecal-lse the PTIAM ier approach to DSB-SC. [et’

y d g One~h0cess | ing OUf earll.er pP! » let’s assume there is i
on is Controljeq 1. LOf o follfz) g at the receiver. Thus, phase
€ a true Synchrm] S e I :

: Cus 3 (t)zml(t)cos(wct)cos(wct+ 6) +m2(t)s1n(wct)cos(wct+ 9),
rdinary, propery, o o1
ansmitter at

Teceive, 0 = my(t)cos(wct)sin(@ 2+ 6) +my()sin(w,t)sin(w ¢ + 8
1 )

these two expressions using the obvious trigonometric identities, we get

5, M1(2) and m,(s) ayt
rference! The k

ppndig
€y is to

1 : '
s}(,):% m,(t){cos(8)+cos(2w.t+ 6)}+ ) my(1){ —sin(6) +sin(2w 1+ )},

1
§ (1)=l m(1){sin(8) +sin(Zw t + 6)} + 3 m,(t){cos( ) —cos(2w.t+ 0)},
2R

< . . ut
o, after low-pass filtering, we find the two channels in the receiver produce outp
signals

y1(2) =-;-[m1(t)cos( 6) — m,(1)sin( 0)],

y2(t) =%[m1(t)sin( 9) +m(t)cos()]

find
with the transmitter) then We

so we have perfect s‘ep::trt
i is
ach baseband S1ED ; o~

If = :
hit)= D (the Tecelver is perfectly phase coherent

lhe“"o(bllz) m(r) and y,(r)= (1/2) ma(£), and
by g, asebang signals. If § # 0, however, then € R s from “lealiao‘ Ve
cfoss_to ) factor in its own channel as well as S _ (0) I 0=90 ,in
thg bazlb) of the other baseband signal [proportional to Sl;ln u
W aﬁ o Signals each appear alone and unattenuate 5 frequency 1y days of
Uy Wi WS twice g many sienals to be broadcast it the § e o i 1 early
g, 0 diggs lany signals ey P

Oang o 1t carrier frequencies, but SPeC

« gon gl @ (4
opy e “mplexity of achieving synchromZA! r sy .quadragth e 2

of
My 4 neggs . is a plus. of .on of @
lhlhm%n Salive thap spectrum conservation 15 :r?s loc versions © . sertion

G, © 18 Ugeq ; e receiv A
hy, Ner o In color television. The o aad .
e nitter S itter
Dl of kep.t Synchronized with the uansmlg in transmi®
“artier gigng] (called the color burs
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: g It is the circuit found in all
» of radio receivers. AM ragj,
“ROHS R0yce S

of calling the .« how it works, ;
at follows 18 h, Kkly describe the spectrum environment in which i
orates. In commercial AM broadcast radio eac;

' trum 10 KHz wide. Centered on each such chun
station is assigned 2 i frequency, which is selected from the interya] 540 ¢,

is the station’s asS1g0%" : arrier frequency of 640 KHz (like KFI, 1 os

1600 KHz. 'TI_‘US, 2 ;ﬁg?\r :;‘ttl;l: ;ﬁerVal 635 to 645 KHz, and a station Withtnf;::)

can transmit It; 2571% KHz (like WTSN in Dover, New Hampshire) can transmj it;

ffBQuency Ofth vl 12050 1275 KHz. This allows each AM station to transmj;

signals oéef_ ea] carrying a baseband signal with a bandwidth of up to 5 KHz. Th; .

a PSB-L sl;gff(l) - oood voice and music reproduction (but not for high-fidelity b

wide enoll]gn arketgniCh Armstrong’s development of wideband FM, whig,

;ﬁt;nf ;aach FM station to use £75 KHz around its assigned carrier frequency—y,

: er story).

m};; ;n‘z ﬂ;he holggr of a commercial AM broadc.ast license in the United States myg

frequency with a maximum allowed deviation of +20H;

stay on his assigned carrier .
ed 10 KHz apart, but two stations operating in the same

Carrier frequencies are spac :
geographical area would not be assigned adjacent carrier frequencies. That could result

in what is called adjacent channel interference, which is discussed later in this section
Very-high-power stations (like KFI, which transmits with 50,000 W) could conceiv-
ably be received anywhere in the entire country, and such stations originally received
carrier frequency assignments duplicated nowhere. Such stations were called clew
channel stations, not because they necessarily were always received clearly, but

Jet me
heterodyné OP

everyday AM SUPSTCZ " s of spec

Gl i e

@ R e e e A e

o 8 FBER S

EE

AM radio waves

' o | Adi0
Envelope ‘ :
Detector Ampi
AVC
’
FIGURE 21.1' T R IR : R g




- T rank

ause their carrier frequency had be
M broadcast stationg th
usands of A , Y not
-ﬂ](;h e AM band to have a totally cleared channe] for a] :‘f“;ugh fr
n fions There are, in fact, now over 90 s £50)
4 ;

uch “clear cp i
s it the legal maximum of 50,000 w). annel” statjop (all
wi

€re are simp]

tranSmitting

i 18 KTOW i ¢ :
Casper, Wyoming. In the United States, station he rather
of utside the United States it is not uncommop to find
! (;nding with ““5.” In the United States, ¢
ies

; - his is calleg a split channe]. Tm;
plesome in the past with stations ope :
froll

rating in Mexico
- erference resulting (e.g., a high-power Mexican stat;
in

10N Opera

: erfre with a nearb)f United States station Operating pat té?tieit gg?) I:?Zl‘gég
t iz __such foreign statl.ons pave been aptly called “border blasters™1). How this

wours is discussed later in this chapter. '

t When you tune your AM superhete.rod).mg receiver, the knob you turp is adjusting
2 wio separate and distinct parts of the circuit simultaneously. Firgt, 5 front-end tunegpe
e adio frequency bandpass filter corfnected directly to the antenna is adjusted. Yoy are
It ajusting the center frequency of this filter’s passband until it is aligned with the carrier
L frequency of the station that you want to select from all others (this filter is often called
B tie preselector). There is no problem with this tuneab]e filter possibly oscillating (as
d yith the tuneable amplifier stages in the old TRE receivers) because it is either a
'1: ridively low-gain device, or even simply passive with 7

0 gain at all. In the latter case

liert filier attenuares the signal centered in its passband [ess than it attenuates signals

bt are displaced from the center frequency.

Aless obvious role for the preselector rf filter is that it isolates the local oscillator
Wich i the secon piece o

f circuitry adjusted by the tuning knob) from access to the
e, ie. the presence of the rf filter “unilateralizes” the receiver. (This is impor-
g the Jocq) oscillator can, itself, radiate its rf signal into space and so
im&;[; Vi other, nearby receivers. More will be said about the local oscﬂla:t(;,
k. Shf} Passband of the rf filter does not, in fact, have t9 have a very s:hafl;p cue;)lc s
g, *donot have o even come close to being vertical. The ﬁl.ter ; iqslllo p};{
?ﬂ ecan Actually be pretty ‘sloppy’ in its rate of roll-off, afld just ho i fﬁ[er
Wi 2t (This is g0od, because it is very difficult to build a tuneable
mﬂ.‘o atits passband edges!) Notice that this means if two stations hav:f
ICies that are not very far apart then both signals will get thr'ougl:lfth:;ad
“same for wear.” This might appear to be the beginning of a

e
! chanpe) interference, but you’ll soon see how the superheterodyn
tq)s thi& i ?

.
Ky Ming g,

Moye through Figure 21.1, the local oscillator shifts (Wﬁhﬂ?rlzlz?l
iy IXer”) e selected chunk of spectrum that has gottte 455 KHz.
F 0y bandpass filter with a center frequency fixed : termediate
mfﬂ% and as it ic al<a an amolifier it is called the in



R 21
184 = CHAPTE _diate frequency (the 455-KHz cente,

» The interm is a frequency below the hj h
oqF amp’): T —455 KHz is : g
frequency amplifier (oI;e H; = ﬂf;fact that f }Zr :nd above the 10w frequencies of e
gets its nam pand € : IF amplifier is a high-gy;
gzgz:sg)of any AM _brr‘::ldfha;t modulate;(t}l}e C(aﬂ?;e;aﬁ;idth of the standard %:1]\2
: ion sig z j
baseband mfomaptgﬂas e of }0 the bandwidth of the baseband signal) apq
bandpass filter W17 of course s t\;vu:ﬁ!umﬁable it is relatively easy to build sycp, 3
gD 2 nott ;s stable (that won’t OSCII.late)' The sh

lifier t:; adjacent channel signal interference (i
]jmmate:i onsywi th carrier frequencies close together) t,
d to the IF amp input (along with the desireg
ive the passage through the IF amp,

sharp cut =
cutoff of the 3
previously mentioned case€ of tw

an
has gotten through the sloppY of filter

: nel can surv ;
channel). Only the desgf‘;;; T:)r heterodyne) theorem we Know that, when a signg jg
From the spectrum s

: r signal, the spectrum of the signal wi| {,
“mixed” (multiplied) witl;h tg; lz;lalsss;uti? oscf?;llator frequency: Thus, there are fwz
translated il.l ﬁequenc};ieg that will be shifted into the IF amplifier passband, ie., if
station carrier freQu_eI:;J tor frequency; and if fLo>fe, then the spectrums around th
fig i docdl 05 a+ fie will both be shifted so as to be centered on fir. If, on the
carrier frequencies f’ Loﬂ:en ‘fh e two station spectrums around the carrier frequencie

;thil.‘ ffz wi};ngom t?:e shifted to be centered on fir. In either case, we call the carrier
01{°F the two signals that end up in the IF amplifier passband image frequencies.

If there are two stations operating, in fact, on image frequencies, then that can be s
catastrophic problem because they’ll end up “on top™ of each other (so to speak) in the
IF amplifier! The sharp cutoff of the IF amplifier’s passband does nothing in elimi-
nating this problem of two image frequency stations interfering with each other
(remember, it is adjacent channel interference that the sharp cutoff addresses), but now,
at last, you can see why the front-end preselector rf filter is present. If the rf filter is
funed to one of the image frequencies (presumably the one you want to listen to!) then
_bY dflﬁﬂlflﬂn, the o‘thef image frequency is not tuned. We say that the untuned imag¢
ll]i)rej gfreciiﬂand, while it may still put some energy into the IF amplifier passband, ¥

% eﬁi ;n:;’es ::rOt l:; mbuch energy. Indeed, the further apart in frequency that the image

3 e :

i € better the rf filter wi]] reject the unwanted image. ,

W 1ar apart are the images? | : fion i
(fotfg)— 887 In the case of f1Lo>f g the image separd

LOTTIE) = (fLo—fiF) =2fF=910 Ky L ino (of

particular gtati o Z, a constant independent of tuning e

ation you are listenin to) ‘ ation

~(fr=fro)=2 i : . In the case of frLo</[iF the image Separl oscil

s, Obviously, ;ﬁ,‘;aasvfn able dependent on the setting of the 10;‘} ‘me

I'yim:SS ;1;3“ 2fg). Thus, for a given value O _gem[y

&€ Irequency separation. And if fir 18 """ Ao

PPY, tuneab| ill pi ‘ ;
e if filter wi]) give excellent image frequency reij.ﬁ K

O fir wa t '

0logy limjg I Y48 much smaller than today’s value © o

oLl worl gt 41988 in building gpeg IF ampliﬁerycoupli“g “'“"fuﬂzaiw
_ i

1924, for example, General Elect!c i fi ;

Or RCA ugipg o et fequency, |
n, «1n W
Motiyateq "€ an | ﬁ'eq.uenc, : i
by the e 0 - y Qf JUSl 40 KHZ. The increase Of the Y;}lue'ﬂ icaﬁlﬂ'
' 1ge 1"ejemli()n By ithe neatelectot T filtet

ampliﬁ er €

>

¢ desire f bettey






