Chapter 7 Solution

Note: In this chapter v stands for frequency in Hz, i.e., w = 27v.

1. (a) Since the total power in n.(t) and ng(t) is equal to the total power in n(t) and
n.(t) and ng(t) are the two low pass components of n(t), then we have:

Sne(V) = Sps(v) = Sp(v — ve) + Sy (v + ve) v < v,
Spe(V) = Sps(v) = 107°Watt/Hz  |v| < vy
(b) When the noise n(t) is demodulated by cosw,.t the output is
1
n,(t) = n(t)cosw.t < §[N(1/ —v.)+ N(v+v.)]

After filtering
1
Sno(V) = 1* 10~?Watt/Hz lv| < 3kHz

But this is amplified by a voltage gain of 10. Therefore the total power is

3 -9 2
1079 % 10
2/ T*dy — 1.5+ 10~ *Watts
0

n2(t) = L /Oo Spe(w)dw = (1077)(10°) = 0.01v* = n2(t)

—00

(6000)(107?) = 12uW = S;/N; = 107%/12 % 107° = 83.3

N; =2
SSB:  N; =2(3000)(107") = 6uW = S;/N; =107°/6 x 107° = 166.7

DSB:  S,/N, =2S;/N; = 166.7
SSB: SO/NO = SZ/]Vz = 166.7



(c) DSB:
10943k
N; = (2% 103)/ dv /v = 2000 * anHgZJ_rgZ — 12uW
1063k

Similarly N; for SSB = 6.000uW. Note that the white noise assumption is very
good one here as a result of the narrow bandwidth even though the noise power
spectral density is not flat.

4. From the notes, the output signal power is :

VUm

The output noise power is

Noz/_ymng:2*g/O dv = nvpy,

Therefore
So a
N, 2
5. (a)
A CE[fAF)] 1,0, 110
= == “)(2)(12) = 4.
5=5+ 2L = J(3) + (5)(5)(12) = 4TW
N =En?t)] =2%10"*107% = 2% 102W
Therefore
E = 237.5
N = )
(b)
N;=2%100%x107%=2x10"*
1.1, 1
Si=()G) =W
Therefore g
2= 62
N, 625

(¢) By synchronous detector the output is: e = 3[A + f(t) + n.(t)]

S, = |( )(%) cos 1000m]? = 3i2

no(t) = {[ne(t) coswt — ng(t) sinwet] coswet}rp

n2(t) = }Lrﬂ(t) =1/4(2%107%)(50/100) = % %1074



s(t) = A1 + €%) = Ae??/?(e92 4 ¢799/2)
|s(t)| = 2A cos(6/2)
| cos(179°/2)| = 8.73 % 107% = —20.6dB

minimum required dynamic range is then 20.6dB
(b)
[ = [(100 + s)* + 4]/
I = (100 + s)* + 4
2ldl = 2(100 + s)ds
ds — ldl ~ [100? + 221 /2
100 + s 100

dl%dlz%zlﬁm

7. (a) DSB-SC: input of f(t) cosw.t results in 5 f(t)

Poss = [0 cos el = 5 120

~

SSB: input of f(t)coswet + f(t)sinw.t produces 3 f(t)

~

Psi = [F(f)coswt + 71 sin* = L F2(0) + 3 720 = F2(7)

or Pssp = 2Ppgp for same received signal strength

(b) Transmitted sideband power is the same as the SSB-SC also requires P watts in
this case.

From notes the signal to noise ratio at the output of the FM system is:
6k7m?(t)Aw S,
(E)FM = (E)FM
NGTOI
w2 wn N
B 6Aw§m86( Si)
= )

2
Wi,

8. Let the input signal to noise ratio in the FM system be (%)FM

)FM

However, for a SSB system, we have

So S;
(s = (3 )ss

o

If the output signal to noise ratio in the two system are the same. then

(E)SSB = Tﬁ(ﬁz)m\/j =72 % 103(E)FM
Or
Si

S;
(E)SSB/(E)FM = 48.6dB



9.

10.

For FM process:

Where

For AM process:

Therefore

When w,, = w,

(a)

(

for

for

(b) For Av =10kH, =1
B~ (2%10")(1+1) =4x%10*
N.=2(0.25%107")(4 % 10%) = 2% 107"

N,
Sc = 3_62(

So/N,

_ 6k E[f*(t)] Aw

) o

S;/N;

(3, (573),, =
|:(SO/NO)FM:| 9m
(Si/Ni) am 2

9m?w

3
2wy,

N, =2(0.25%107")(2 % 10*) = 107"
S. = (10*/m*)N, = 10~% /m?

Pr =10'0(10"

m = 0.707
m = 1.00

So
No

_2*1

)= 3(12)

6/m2) — 104/m2
Pr =20kW
Pr =10kW

0710

Pr =10"S, = 6.67TkW
For Av =50kH, =5
B~ (2%10*) (1 +5) =12 % 10*
N.=2(0.25%107")(12 % 10*) = 6« 107"

P =

(1019)(6 * 10719)(10%)

= 800W

3(5)?

(10") = 6.67 % 107

3
o




11. Since v; < vy, total power in the signal is given by

/_: Sm(v)dy = /_l:: M/Wdy ~ /_Z Mfwdy st

Also the total power of the signal after pre-emphasis is given by

Ym NN (G 7% 9 9
/ |Hp(v)|2S,,(v)dv = / Wdf ~ oK Vi (20, — m1y)

If the pre-emphasis is not to increase the bandwidth then

/_ T Hp () 2S () v < / " S0y

Um Um

Vm Vm

Therefore
Ao K22 (20 — m11) < Qo

G —
— 1 (2uy, — )

12. (a) Let Hy(w) be the transfer function of the de-emphasis filter. Then we require:
Sn(w) [ Ha(w)[* = a
[Ha(w)|* =

—1074|w|
1074w

or  |Hy(w)| = Kpe 10172
For no net signal distortion, the required pre-emphasis is :

|H1(w)| _ K1€10*4|w|/2

(b) Signal to noise ratio improvement = noise power without de-emphasis / noise power
with de-emphasis
+10%

2 erp(10 ) wdw €27 — 1

0
f027r* 104 dw 2

|

I
oo
ot
—_

13. (a)
36% =100 = B =5.77

Av = Bu,, = (5.77)(13 * 10*) = 75.1kHz
(b) Note: I is defined by N,/N, in equation 7.43, f; = 2.1 is given in the book
34°T = 100 = (%' = 33.3

U, 13
— = —=6.19
1%} 2.1
I'=16.54
Therefore
33.3
2= =201
g 16.54 0

Av = B, = vV2.01(13 x 10%) = 18.4kHz



14. (a) After the synchronous detector , the signal and the noise both are reduced by a
factor of two (and thus the power spectra by a factor of four). In compose with
the mono channel, we multiply by four. thus if the stereo carrier frequency is wy,
the spectral densities of the mono channel noise and the stereo channel noise are:

S (W) = (w4 wy)? + (w — wy)?

Stereo fowm S
= g
mono [ Sy (

_2+6(w3

)

m

24600y

15
=40.5

1

S )

stereo fo (w)|?dw

mono o n( )|H( )[2dw

PN 2w? tan™! (w,, /w)

W1y, — w? tan™H(wy, /wr)
2(38)% tan~(15/2.1
(2.1)(15) — 2.12 tan ' (15/2.1)

= 166.2

o 4 4
/ p(s)ds = / Ke llds = 2K/ e fds=2K(1—e ) =1
oo 4 0

= K ~0.51

(b) The step size A = 8/4 = 2 and the quantization levels s; = —3, s5 = —1,53 = 1,
S4 — 3

(c) Total variance of the quantization error is equal to the sum of the variance of the
quantization error at each step of quantization, i.e

4

sit5
B =3 / (s — 5:)?p(s)ds

= 2K/ e °ds + QK/ s — e’sds

= 2K(1 —5e ) + 2K (e ? — 5e ™) ~ 0.374



(d) If p(f)is constant in each level
A2

E(e?) = D)

16. (a) let the noise power due to distortion of filtering be Np, thus

QW/ S, du—— _VmS()d

m

% du—l—— v)dy

_2*—/ Sin(

Sp(v) = Age /"

o 1
Np = 2/ Aje VMdy = = Aguye /M
Vm ™

(c) Total output signal to noise ratio is:

2
So o

Np + Ny - LA e/ 4 52 /12

Where s is the step size of quantization



