
Chapter5 Solution

1.

s(t) = A
∞∑
−∞

Jn(mf) cos(ωc + nω0)t

Set J0(mf) = 0

Figure 1:

The first two values of mf for no carriers power are at:{
mf ' 2.55
mf ' 5.18

2. (a) J1(mf) = 0 when mf ' 3.8

J0(mf ' 3.8) ' −0.4

The average carrier power is:

Pc =
J2

0 (3.8)

J2
0 (0)

× 100W = 16W

(b) The average power in all the remaining sideband is:

Ps = PT − Pc = 100W − 16W = 84W

(c)
J2(mf = 3.8) ' 0.41
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Therefore The average power in the second order sidebands is

2× J2
2 (3.8)

J2
0 (0)

× 100W ' 34W

3. (a) The unit square pulse has a transform of the form

[sin(
ω

2ωm
)π]/[

ω

2ωm
π]

The sinusoidal wave has a Fourier transform of

δ(ω − ωi) + δ(ω + ωi)

The multiplication of the two function in time domain is equivalent to the convo-
lution of their transforms in frequency domain[

sin(ω−ωi
2ωm

)π

(ω−ωi
2ωm

)π
+

sin(ω+ωi
2ωm

)π

(ω+ωi
2ωm

)π

]
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The spectrum lies within ωi − 2ωm to ωi + 2ωm (a)

ωi = ωc + kff(tk) at t = tk
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The highest and lowest instantaneous frequency is

ωi = ωc ± kf |f(t)|max(b)

Substitute (b) to (a), the spectrum lies within

ωc − kf |f(t)|max − 2ωm → ωc + kf |f(t)|max + 2ωm

⇒ W ' 2kf |f(t)|max + 4ωm

= 2(∆ω + 2ωm)

(b) Bandwidth

W ' 2(∆ω + 2ωm) = 2× (5KHz + 2× 2KHz) = 18KHz

∆ω1 = kf |f(t)|max1

∆ω2 = kf |f(t)|max2

∆ω1

∆ω2

=
|f(t)|max1

|f(t)|max2

⇒ ∆ω2 =
|f(t)|max1

|f(t)|max2

·∆ω1 = 3∆ω1

Therefore the new bandwidth is

ω ' 2(15KHz + 2× 1KHz) = 34KHz

4. (a)

P =
A2

2
= 50Hz

(b)

ωi = 2π × 106 + 2000π × 0.1 cos 2000πt

∆ω = 200π

∆f = 100Hz

(c) Since B = 1000 > ∆f this is a narrowband case and the bandwidth BEM is

BEM = 2(∆f +B) = 2(100 + 1000) = 2200Hz

5. (a)

ω0 =
1√
LC

=
[vb + v0 + f(t)]1/4√

LK0

=

[
1 + f(t)

vb+v0

]1/4

· (vb + v0)1/4

√
LK0

=

√√
vb + v0

LK0

·
[
1 +

f(t)

vb + v0

]1/4
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(b) By direct calculation {1+[f(t)/(vb+v0)]}1/4 departs from the linear approximation
1 + [f(t)/4(vb + v0)] by 1% when −0.286 ≤ f(t)/(vb + v0) ≤ 0.376
Hence

|f(t)|max
vb + v0

≤ 0.286

6. (a)

|H(f)| =

∣∣∣∣∣ 1

1 + f
f2

∣∣∣∣∣ =
1√

1 + ( f
f2

)2
=

1√
1 + u2

∣∣∣∣
u= f

f2

d2|H(f)|
du2

= − d

du

u

(1 + u2)3/2
= −(1 + u2)3/2 − 3u2

√
1 + u2

(1 + u2)3
= 0

Therefore

u =
fc
f2

=
1√
2

f2 = 1.414fc

(b)

d|H(f)|
dt

∣∣∣∣
f=fc

= −
fc
f2
/f2

[1 + (fc/f2)2]3/2

=
0.5/(

√
2× 106)

(1 + 0.5)3/2

= 1.92× 10−7volts/Hz

7.
Sv(µ) = αp(v)

Where µ = f − fc and α is a constant of proportionality.
But

µ(t) =
kfv(t)

2π
⇒ v(t) =

2πµ(t)

kf

Therefore

Sv(µ) =

 2παµ
kf

e
−(2πµ)2

2k2
f µ ≥ 0

0 µ < 0

Replacing µ by f − fc

Sv(f) =

 πα(|f |−fc)
kf

e
−2π2(|f |−fc)2

k2
f |f | > fc

0 |f | < fc

4



To find α ∫ ∞
−∞

Sv(f)df =
A2

2∫ ∞
−∞

Sv(f)df = 2α

∫ ∞
fc

π(f − fc)
kf

e
−2π2(f−fc)2

k2
f df

=
α

2π

∫ ∞
0

x

kf
e
−x2

2k2
f dx

=
αkf
2π

=
A2

2

Where

x = 2π(f − fc)

df =
dx

2π

∴ α =
πA2

kf

Hence

Sv(f) =

 π2A2(|f |−fc)
k2
f

e
−2π2(|f |−fc)2

k2
f |f | ≥ fc

0 |f | < fc

8.
Sv(µ) = αp(v)

Where µ = f − fc and α is a constant of proportionality.
But

µ(t) =
kfv(t)

2π
⇒ v(t) =

2πµ(t)

kf

Sv(µ) =
1

2
αe
−| 2πµ(t)

kf
|

Sv(f) =
α

4
e
−2π|f−fc|

kf +
α

4
e
−2π|f+fc|

kf
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To find α ∫ ∞
−∞

Sv(f)df =

∫ ∞
−∞

Sv(µ)dµ

= α

∫ ∞
0

e
−2πµ
kf dµ

=
α

2π

∫ ∞
0

e
−x
kf dx

=
αkf
2π

=
A2

2

∴ α =
πA2

kf

Sv(f) =
πA2

4kf
e
−2π|f−fc|

kf +
πA2

4kf
e
−2π|f+fc|

kf

9. (a) Refer to figure 2

Figure 2:

(b) To find the 3-dB bandwidth of the filter, we use the equation

e−v
2
0/2B

2

=
1

2
(v0 = f3dB − fc)
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Therefore

B3dB = 2V0

lne−v
2
0/2B

2

= ln
1

2
−v2

0

2B2
= ln

1

2

−v2
0 = 2B2ln

1

2

v0 =
√

2ln2B

2v0 = 2
√

2ln2B

B3dB = 2v0

(c) We want that the 3dB bandwidth B3dB to pass 98% of the total signal power

∴ B3dB = 4.6∆frms

∴ 2B
√

2ln2 = 4.6∆frms

B =
2.3√
2ln2

∆frms

(d)

W = B3dB = 2v0 = 2B
√

2ln2

10. The FM signal has two modulating baseband signals v1(t) and v2(t), Therefore the
resulting FM signal is given by

v(t) = A cos[2πfct+ k1

∫
v1(t)dt+ k2

∫
v2(t)dt]

Where A = 2volts and fc = 1MHz
frequency deviation ∆f1 for the first baseband signal is given by

∆f1 =
k1

2π
v1(t)|v1=1volt =

k1

2π
= 3× 103Hz

∴ k1 = 2π × 3× 103 = 6π × 103Hz/volt

frequency deviation ∆f2 for the second baseband signal is given by

∆f2 =
k2

2π
v2(t)|v2=1volt =

k2

2π
= −4× 103Hz

∴ k2 = −8π × 103Hz/volt

∆f(rms)
2 = E

[[
1

2π
k1v1(t) +

1

2π
k2v2(t)

]2
]

=
1

(2π)2

[
k2

1E[v2
1(t)] + k2

2E[v2
2(t)]

]
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But

E[v2
1(t)] = E[v2

2(t)] = 1volt2

∴ ∆f 2
rms =

1

4π2
(k2

1 + k2
2)

=
1

4π2
(36π2 × 106 + 64π2 × 106)

= 25× 106Hz2

Also the spectral power density of an FM signal with gaussian baseband is given by

Sv(f) =
A2

4
√

2π∆frms

[
e−(f−fc)2/2∆f2

rms + e−(f+fc)2/2∆f2
rms

]
Substituting the values of fc and ∆f(rms)

Sv(f) =
1

5
√

2π × 103

[
e−(f−106)2/5×107

+ e−(f+106)2/5×107
]
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