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E(M 361 Uygulama 3 - SSB ve FM corulan
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UYARL Bu belge, el yazisi ders notlarindan Clavde (Anthropic) yardimiyla dijitale aktarilmistir.
Yardimcl kaynak olarak hazirlanmistir; hata veya eksik igerebilir. Litfen orijinal notlari ve ders
kaynaklarini esas alin.

NOTICE This document was transcribed from handwritten lecture notes with the help of
Claude (Anthropic). It is meant as a supplementary resource and may contain errors or
omissions. Always check against the original notes and official course material.

E(M 361 Yygulama - 3

+— Ornek 3.16 (SSB)

An SSB-AM signal is generated by modulating an 800 kHz2 carrier by the signal
m(t) = cos(20007tt) + 2 sin(2000mt). The amplitude of the carrier is A, = 100.

1) Determine the signal m(¢).
2) Determine the (time-domain) expression for the lower sideband of the SSB-AM signal.
3) Determine the magnitude spectrum of the lower-sideband SSB signal.

1. m(t) = my(¢) hilbert transform.
M(¢) = cos (2000mt - 5 ) + 2sin (2000mt - %)

m(t) = sin(20007t) — 2 cos(2000mE)

Yisg(t) = Ac(m(E) cos(2mft) + i(E) sin(2nf t))
Ac =100, f.=800kHz, m(t)=cos(2000mt) + 2 sin(2000mt)

yicg(t) = 100 - (( c0s(20007t) + 2 sin(2000mt)) - cos(2m 300k - ¢)

+ (sin(20007t) — 2 cos(2000mt)) - sin(27 300k - t))

27w fe 27t fe
= 1oo(cos (20007t) cos (2m 800k t) + 2 sin (20007t ) cos (2 800k ¢ )
27 fe 27t fe
— — —T —
+sin (20007t ) sin (2t 800k ¢ ) — 2 cos (20007t ) sin (2t 800k 6))
FC - l[M = f‘]
fe + fm = f2
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Analog Haberfegme EIM 361 Uyguloma. 3 — SSB ve FM corular

sin(27(fm + F)E) + sin(2n(fm — F)E)) @ B
5 (cos(27(fm — f)t) — cos(2m(fm + f)E)) D

= 5 (sin(2n(fe + F)t) + sin(2n(f - fm)t))> @0
— sin (271(fm — Fe)E)

<% (cos(2m(fpm + fo)t) + cos(2m(fm — Fe)E)) @D
(
(

Yuse(t) =190 (COS (27t(fpn = F)E) + 2 sin (27(frr — fc)t))
=100 (COS (21(1000 — 800K)E) + 2 sin (27(1000 — 800k)t)>

yiea(t) = 1oo(cos (2m(~1000 + zciok)t) ~2sin (271(8201(—1000)6))

3. V() =7

Hint: cos

(cos(a+ B) + cos(ea — B))
(sin(B + &) + sin(p — «))
sinac- cos B = 5 (sin(x—B) + sin(a + B))

sinx - sinf = %(cos(oc— B) — cos(o + B))

cosx-cosf =

cosx-sinfp =

YLea(t) = 100 - (cos (27 (e = F) ¢)
~—

— 2sin (2n(f — Fm)t) )

Y, g {f) = 10011 . (5(f— (F = f)) + 8(F+ (£ — f,v,)))

100
B s 2(5(f— (F = ) = 5(F+ (Fz — fm))>

Y ca(f) = 50 - (5(f— 800k +1000) + 8(F + 800k — 1000))
+100j - (5(f— 800k + 1000) — 8(F + 800k — 1000))
= (S0 + 100)) (6(f— 800k + 1000)) + (50 = 100j) - (5(f+ 800k — 1000))
1L magnitude spectrum

IV (Pl = /502 +1002 - (5(f— 800k +1000) + 5(F + 00k — 1000))

= 10v/125 - (5(f— 800k +1000) + 5(F + S00k — 1ooo)>

Ornek 3.17
Weaver’s SSB modulator is illustrated in figure P-317 By taking the input signal as )
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Analog Haberfegme EIM 361 Uygulama 3 — SSB ve FM corular:

m(t) = cos 2mfmt where fr, < W demonstrate that by proper choice of [f1 and f5 | the output

is an SSB signal.
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orijinal gizim, s. 3

input of upper LPF
20(t) = m(€) - cos(2mfrt)
= cos(2nfmt) - cos(2mfit) = I [coS (27 (F1 = ) €) + cos (27 (f1 + Fu) t)}
2 - GRGLY
fa 1
input of lower LPF
2¢(t) = cos(2mfpt) - sin(2mfrt)
1T . -
== {sm (2n(fr — fm)t) + sin (27(f7 + fm)t)}

20, W/2 (kutunun altindaki kigik notlar)! — SSB olmasi icin secilir.

20(6) = 3+ (80— fa) + 5(F+ £) + 5 - (5 £) + 8¢+ £,))

|~

/
L, el = 4
"'L’(qv&f»] ~(&F-) (i-€m (:""“P'

orijinal ¢gizim, s. 3
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Analog Haberfegme EIM 361 Uygulama 3 — SSB ve FM corular:

yul(t) = % cos (2m(fy — fm)t)
ye(t) = %sim (27(f1 — fm)t)

Yssg(€) = Yu(t) - cos(2mF2€) — yo(£) - sin(27f5¢)
= 1 cos (2m(f — F)t) - cos(2mfat) — & sin (27 — Fu)E) - sin(2mfot)

yecg(t) = % : <cos (27(f1 = fm + F2)E) + cos (2m(f1 — Frn — fz)t))
- % : (cos (27(fy = Fra = (2)t) — cos (27(f1 — Frn + fz)t)>

cos(A—B) = cosAcosB+sinAsinB
yggg(f) = %COS (27‘[(f1 - fm + fz)(.’)

1

T - faeh

—3
I\

orijinal ¢gizim, s. 4

at l[C
f1+fo —Fay = fc+Fyy — USSB (Upper)

f1+fy —fp = fc—fn — LSSB (lower)
we are choosing different f; and f5 for USSB and LSSB.

fe = —(f1+f2) fe = f1+f2

orijinal gizim, s. 4
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Analog Haberfegme EIM 361 Uygulama 3 — SSB ve FM corular:

1+ Orneb 3.24 (FDM)
We wish to transmit 60 voice-band signals by SSB (upper-sideband) modulation and freg,
division multiplexing (FDM). Each of the 60 signals has a spectrum as shown figure P-3.24.
Note that the voice-band signal is band limited to 3 kHz. If each signal is frequency
translated separately, we require a frequency synthesizer that produces 60 carrier
frequencies to perform the FDM. On the other hand, if we subdivide the channels into L
groups of K subchannels each, such that LK = 60; we may reduce the number of frequencies,
from the synthesizer to L + K.

1) Illustrate the spectrum of the SSB signals in a group of K subchannels. Assume that a
TkHz guardband separates the signals in adjacent frequency subchannels and that the
carrier frequencies are fiq = 10 kH2, f.o = 14 kHz — etc.

2) Sketch L and K such that LK = 60 and L + K is a minimum.

3) Determine the frequencies of the carriers if the 60 FDM signals occupy the frequency
band 300-540 kHz2, and each group of K signals occupies the band 10 kHz2 to
(10 + 4K) khH=.

oy '.\.’LL,

orijinal ¢gizim, s. 5
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orijinal gizim, s. 6
YT k260 (LK) or (L) — (1,60), (2,30), (3,20), (4,15), (6,10).

subchannels

Minimuom valve — (I + /f

6+10 — 16
3)L =6, K=10 we need 16 carriers with frequencies.
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Analog Haberfegme

fe1 = |10 kH2
fo =14 kH2
fa =18 kHz2
k=101
fq=22kHz
L fC']o =46 {<H2

for = [50KRE] 10+ 4

L — groups
K — subchannels.

$

EIM 361 Uygulama 3 — SSB ve FM corular:

f1 = [280kHz]
f(,2 :f(HZ

360

400
440

fle = kttz
fra=520kH>—

[300] - 540 kHz=

Li . /l‘t—\ L5
i

o

300
340
3380

420
460
500

ft\g\e:f"
&9\" Y
T ey

orijinal gizim, s. 6

290
330
370

490

Claude ile dijitallestirildi + hata igerebilir / Digitised with Claude + may contain errors

6/14



1+ Ornek 4.3 (FM)

Analog Haberfegme

EIM 361 Uygulama 3 — SSB ve FM corular:

N,

—

orijinal gizim, s. 6

Eder f11 grubunu 290dan baslatirsak, subchannellar 300’den basliyor olur.

The carrier ¢(€) = 100 cos(2nfct) is frequency

modulated by the signal

m(t) = 5 cos(200007t) where f, = 108 Hz. The peak frequency deviation is 20 kHz.

1) Determine the amplitude and frequency of all signal components that have a power-level

of at least 10% of the power of the unmodulated carrier component.
2) from Carson’s rule, determine the approximate BW of FIM signal.

(o]

y(t) = Ac Z Jn(B) - cos (2m(fec + n - Fu)t)

n=—oo
A. =100  f, = 10000 H2
f, =108 Hz =10%H2
max [m(6)|
B__g__/‘f' Mp  _ Afax
B Fon Fn
L
20-103
Fal 3 ——L—L =2
" 104
B =2.

JIn(2)

- cos (2m(108 + n - 10%)¢)

y(©=100 3

1) unmodulated carrier component — c(t)

AZ 1002
Pc= == ——=5000
<2 2
t least 10% — 5000 - - = [500 2 soo] P _ (Ac3n(2)°
at leas 6 — 'ﬁﬂt——l% J(2)> J“(z)—f
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Index n | Ja(2) freq(H2) Amplitude (100 J,(2)) | Power —
0 2239 108 22.39 250,63
5267 | 10% +10% 52.62
3528 | 108 +2.104 3528
3 1284 | 10% + 3 .10 12.89 %313
4 0340 | 108 + 4 .10% 340 537785

x100 7
index freq (H2) Amplitude
1 108 + 104 5767
2 |10%2+2.10% | 3528
1 108 —1p04 5267
12 [1o¥ =z 1of | 3528

fm

F‘ Ornek 4.18 (M)
The modulation signal that is the input into an FM modulator is m(¢) = 10 cos(167t). The

35(2) = 32,(2)
2) B = 2(f([3+1)= 2.104(2+1)=6-10%H2

output of the FM modulator is

where k¢ = 10 (See figure P-4.18). If the output of the FM modulator is passed through an
ideal BPF centered at f. = 2000 with a bandwidth of 62 Hz, determine the power of the
frequency components at the output of the filter. What percentage of the transmitter power

t
y(&) = 10 cos [400071& + 271ka m(7) o{w}
Ac 1 —00

6()

fe

appears at the output of the BPF?

M
___.-5 eepcmkbw
M\ks &, = ‘2990\\1—
Le=to

Greqr

v

~

ku!‘ Yan Qﬂ‘)"“

(o]

y() = Ac Y Jn(B) - cos (2n(fe + n- Fan)t)

n=—0o0
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Analog Haberfegme EIM 361 Uyguloma. 3 — SSB ve FM corular

Ac =10, f.=2000, fu=28, kr=10

Af  kemp ke max|m(€)] _ 10-10
— = = = =12.5
fm Fm 8

0

B:
B—

o0
y(e)=10- Z Jn(12.5) - cos (2m(2000 + n - B)t)  at the output of the BPF.

n=—o0
freq
freq
Jo - 2000
Jd_; —1992
J; - 2008
Jd_o, —1984
dpy - 2016
J_3 —19%26
Jz — 2024
Jd_q —1968
Jda - 2032
n
d—a...10...14
— Power at the output of the BPF
_10¢ | = 102 _
Py = - J5(12.5) + 2 Z J7(12.5) - = T S0 -0.2630
n=1
=13.15
B | Jo(B) Ji(B) J2(B)
1
2
3
Hint
A2 102
P =—£=— =50.
e 2 B
total
transmitted
power

Py 1315 _ 26.30
Pebe | |50 100

Power at the output of BPF is only %26.30 of transmitted power.

e Effective BW — Carson Rule %99
%2630 — %99 olurdu

— %26.30

T~ Ornek 5.4.2
A periodic square wave m(¢t) (Fig. P.54-2a) frequency-modulates a carrier of frequency

fc = 10 kH2 with Af = 1kH2. The carrier amplitude is A. The resulting FIM signal is
demodulated, as shown in Fig. P.5.4-2.b. by the method discussed in sec. 54 (Fig. 511) sketch
wave forms. b, ¢, d, e.
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(e\)

| | <

ctd) = A cos (2n F(f“)

orijinal gizim, s. 11

orijinal gizim, s. 11

max [m(€)|
Af = /(f' I’le = /(f

=1k

f; = 10k + 1k - m(t)
fi,rV\iV\ = 10k + 1k (M(t)w\in)

fi,rv\im =q f(HZ
imax = 10k + 1k (M(O)max)
Fimax = 11kH2

I

wtk)

]

k

il r“
U

©
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Analog Haberfegme EIM 361 Uygulama 3 — SSB ve FM corular:

b(t): y(t) = Ac - cos (27rfct + ZT[kaM(T) O(T)
0(6)

© d
YO = Ac 0'(€) sin (8(¢))

Ac|2nfe + 2mtkem(t)] - sinO(¢)

Ao .9 Ce)

orijinal gizim, s. 12
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A (2T Fc F2LOEE ey

orijinal gizim, s. 12

© A
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T Ornek 3.21
A vestigial sideband modulation system is shown in figure P-3.21. The bandwidth of the
message signal m(t) is W, and the transfer func. of the band pass filter is shown in the figure.
1) Determine hy(t), which is the low pass equivalent of h(t), where represents the impulse
response of the band pass filter.
2) Derive an expression for the modulated signal y(¢).
- 2} $$U<) or Mopsa-sc ™’
@ ~ pe N§® sopned
—y =0 e
HeE) . 3K)
t NS oA
’Y \19@
A ostanft) u Lol
- i Wi Cfefe )
.\»\;(Q—Q‘)
o2
F w
> -——)-gdl‘ (PF 5 ML
se %) B { wo
Ac eas(nabre 1 f'é_'&;\”
orijinal ¢gizim, s. 13
M(f) = E(F) - Ho()
M(F) = M) - (Hi(f = Fe) + Hi(f +£c)) - Ho(F)
1
WO w28
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W (P& o WelEei)
AT IR, I

orijinal gizim, s. 14

JF

' L
= &

orijinal gizim, s. 14

m(f) = Mm(f) - (Hi(f— fe) + Hi(F+ fc)) Ho(f)

orijinal gizim, s. 14
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1
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