Montogue

Quiz EL4O1
Amplitude and Phase Modulation

P> PROBLEMS

M Problem 1

A carrier, amplitude-modulated to a depth of 50% by a sinusoid,
produces side frequencies of 4.004 MHz and 3.996 MHz. The amplitude of
each side frequency is 36 V. Find the frequency and amplitude of the carrier
signal.

p| Problem 2

A sinusoidal carrier signal of 5V peak amplitude and 100 kHz
frequency is amplitude-modulated by a 5-kHz signal of peak amplitude equal
to 3 V. What is the modulation index?

A) 0.5
B) 0.6
c)o.7
D) 0.8

p| Problem 3

A message signal given by
m(t)= %cos(wlt) —%cos(a)zt)

is amplitude-modulated with a carrier of frequency w. to generate

s(t)=[1+m(t)]cos(m,t)
The power efficiency achieved by this AM scheme is, most nearly:
A) 8%
B) 12%
C)16%
D) 20%

p| Problem L

A 1-MHz sinusoidal carrier is amplitude-modulated by a symmetric
square wave of period equal to 40 us. Which of the following frequencies will
be present in the modulated signal?

A) 1010 kHz
B) 1020 kHz
C) 1030 kHz
D) 1040 kHz

p| Problem 5 (Lathi, 1998)

You are given the baseband signals (i) m(t) = cos(1000mrt), (i) m(t) =
2cos(10007t) +sin(2000mt), (iii) m(t) = cos(10007t)cos(30007xt), and (iv) m(t) =
exp(—10]t|). For each one, do the following:

1. Sketch the spectrum of m(t).
2. Sketch the spectrum of the DSB-SC signal m(t)cos(10,0007t).
3. Identify the upper sideband (USB) and the lower sideband (LSB) spectra.
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Pl Problem 6 (Haykin, 2001)
Using the message signal

m(1)

determine and sketch the modulated waves for the following methods of
modulation:

Problem 6.1: Amplitude modulation with 50 percent modulation.

Problem 6.2: Double sideband-suppressed carrier modulation.

Problem 6.3: Single sideband modulation with only the upper sideband
transmitted.

Problem 6.4: Single sideband modulation with only the lower sideband
transmitted.

p| Problem 7 (Haykin, 2001)

Problem 7.1: Show that any scheme that can be used to generate double-
sideband suppressed carrier transmission (DSB-SC) can also generate AM. Is
the converse true? Explain.

Problem 7.2: Show that any scheme that can be used to demodulate DSB-SC
can also demodulate AM. Is the converse true? Explain.

p| Problem 8

An amplitude modulator has output

s(t) = Acos(7400t)+ B cos(7360t)+ B cos(7440¢)

B 1
1+

The carrier power is 100 W and the power efficiency (ratio of sideband
power to total power) is 40%. Compute A, B, and the modulation factor u.

p| Problem 9 (Haykin, 2001)

The following figure shows a scheme for coherent (synchronous)
demodulation. Show that this scheme can demodulate the AM signal [A +
m(t)lcos(w.t) regardless of the value of A.

[A + m(?)] cos w.t Low-pass de Output
N filter blocker

Y

cos !

M Problem 10 (Lathi, 1998)

Sketch the AM signal [A + m(t)] cos(w,t) for the periodic triangle signal
m(t) shown below corresponding to modulation index

1.u=0.5
2.u=1
.u=2
4. u=o0
10 m@) 103
N
[ —
—10

M Problem 17 (Lathi, 1908)

For the AM signal of the previous problem with a modulation index u
=0.8:
Problem 11.1: Find the amplitude and power of the carrier.
Problem 11.2: Find the sideband power and the power efficiency n.
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Pl Problem 1 2 (Kasturi, 2021)

For the message signal illustrated below, compute the power
efficiency (the ratio of sideband power to total power) in terms of the
amplitude sensitivity ks, A1, A2, and T. The message is periodic with period T,
has zero mean, and is AM modulated according to

s(t)=4,[1+km(t)]|cos(27 f.1)
Assume that T > 1/fe.
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p| Problem 1 3 (Kasturi, 2021)

Consider a message signal m(t) whose spectrum extends from 300 Hz
to 3.4 kHz, as illustrated below. This message is SSB-modulated to give

s(t)=A.m(t)cos (27 f.t)+ A, (t)sin (27 f,1)

At the receiver, s(t) is demodulated using a carrier of the form
cos[2m(f. + Af) t]. Plot the spectrum of the demodulated signal at the output
of the lowpass filter when
1L.Af=10Hz
2.Af =—10 Hz
Assume that the lowpass filter is ideal with unity gain and extends over [-4,
4] kHz, and fc = 20 kHz. Indicate all the important points on the XY-axes.

t > f (kHz)
—-34 03 O 0.3 3.4

p| Problem 4

A frequency-modulated signal is given by

x, () =8cos [27[ x10°¢ + 6sin (6007rt)]

Determine:
1. The carrier frequency.
2. The modulating signal frequency.
3. The modulation index.
4. The peak frequency deviation.

p| Problem 15

An FM signal with single tone modulation has a frequency deviation
of 12 kHz and a bandwidth of 35 kHz. Find the frequency of the modulating
signal.

p| Problem 1 6 (Kasturi, 2021)

Consider awideband PM signal produced by a sinusoidal modulating
wave m(t) = Amcos(2mnfmt), using a modulator with phase sensitivity k.
Problem 16.1: Show that if the phase deviation of the PM signal is large
compared to one radian, the bandwidth of the PM signal varies linearly with
the modulation frequency fm.
Problem 16.2: Compare this bandwidth of the wideband PM signal with that
of awideband FM signal produced by m(t) and frequency sensitivity k.
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p| Problem 17 (awi, 1998)

A signal x(t) = 7 cos(24m x 10%) angle modulates a carrier signal
Accos(w,t). Determine the modulation index and the bandwidth of the
modulated signal for:

Problem 17.1: an FM system with frequency deviation constant ks =14 kHz/V.
Problem 17.2: a PM system with phase deviation constant k, = 1.2 rad/V.

Pl Problem 18

An FM radio link has a frequency deviation of 36 kHz. The modulating
frequency is 3.2 kHz. Calculate the bandwidth needed for the link. What will
be the bandwidth if the deviation is reduced to 20 kHz?

p| Problem 19

Problem 19.1: An angle-modulated signal has the form
v(¢)=120cos| 27 f,t +3.6sin (21007¢) |

where fc = 8 MHz. Determine:

1. The average transmitted power.

2. The peak phase deviation.

3. The peak frequency deviation.

Problem 19.2: Is this a FM or a PM signal? Explain.

p| Problem 20 (Haykin, 2001)

Given the message signal m(t) =sin(2000mt), the modulation
sensitivity kf = 200,000, and the phase sensitivity k, = 10,
Problem 20.1: Estimate the bandwidths of the FM signal ¢gy(t) and the PM
signal @py(t).
Problem 20.2: Repeat part 1if the message signal amplitude is doubled.
Problem 20.3: Repeat part 1if the message signal frequency is doubled.
Problem 20.4: Comment on the sensitivity of FM and PM bandwidths to the
spectrum of m(t).

p| Problem 21 (Haykin, 2001)

A carrier wave is frequency modulated using a sinusoidal signal of
frequency fm and amplitude An.
Problem 21.1: Determine the values of the modulation index g for which the
carrier component of the FM signal is reduced to zero.
Problem 21.2: In a certain experiment conducted with f =1 kHz and
increasing An starting from zero volts, it is found that the FM signal is
reduced to zero for the first time when Am =2 V. What is the frequency
sensitivity of the modulator? What is the value of Am for which the carrier
component is reduced to zero for the second time?

Pl Problem 2e

Givenm(t) = e~t", carrier frequency fc = 10* Hz, and modulation
sensitivities kf = 6000w and k, = 80001:
Problem 22.1: Find Af, the frequency deviation for FM and PM.
Problem 22.2: Estimate the bandwidths of the FM and PM waves. Hint: Find
M(w) and observe the rapid decay of this spectrum. Its 3-dB bandwidth is
even smaller than 1 Hz (B « Af).

p| Problem 23 (Haykin, 2001)

To generate wideband FM, we can first generate a narrowband FM
signal, and then use frequency multiplication to spread the signal bandwidth.
This is illustrated below, which is called the Armstrong-type FM modulator.
The narrowband FM has a frequency deviation of 1 kHz.

Problem 23.1: If the frequency of the first oscillator is 1 MHz, determine n;
and n: that are necessary to generate an FM signal at a carrier frequency of
104 MHz and a maximum frequency deviation of 75 kHz. The bandpass filter
allows only the difference frequency component.

Problem 23.2: If the error in the carrier frequency f. for the wideband FM
signal is to be within £200 Hz, determine the maximum allowable error in
the 1-MHz oscillator.

t

" o - Wideband FM signal
| arrowban requency _
m(t) FM modulator — multiplier n, c D R fc =104 MHz

Frequency
multiplier n,
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Pl Problem 2l

Consider the frequency-modulated signal
s(t)=10cos| 277 x2x10°¢ ++10cos (27 x1,500¢) +15sin (27 x 25007t) |

The modulation index of s(t) is
A) 10 rad
B) 15 rad
C) 25 rad
D) 30 rad

p| Problem 25

Compute the bandwidth of the following FM signal.
Pry (1) =5cos| @,1 +20sin (10007¢) +10sin (200077 ) |
Pl Problem 26

The signal m(t) with the waveform shown is applied to a phase
modulator with k, as phase constant and to a frequency modulator with kr as
frequency constant. Both modulators have the same carrier frequency. The
ratio k,/ks for the same maximum phase deviation in both modulation
schemes is:

m(t)
W\
3 !
ol 4 8 12| 16| 20] 23| '
-3

A) 21

B) 47

C)8r

D) 167

Pl Problem 27

A signal x(t), whose Fourier transform X(f) is shown below, is
normalized so that |x(t)| < 1. This signal is to be transmitted using FM with a
frequency deviation constant kf = 75 kHz per volt. What will be the
bandwidth required for transmission?

x| 1

- f
—10 kHz 10 kHz
Pl Problem 28

A modulating signal x(t) with a trapezoidal form as shown is used for
Problem 28.1: frequency modulating a carrier signal of 5 MHz frequency with
a frequency deviation constant, ky, equal to 6 kHz/V.

Problem 28.2: phase modulating a carrier with a phase deviation constant, ky,
of 6 rad/V.

In each of these cases, find the maximum instantaneous frequency of
the modulated signal.

o

25V |----

>t(ms)

) e ————————
h b
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Pl Problem 29

In a FM system, a carrier of 10 MHz is modulated by a sinusoidal
signal of 2 kHz. Per Carson’s rule, the bandwidth required is estimated to be
0.1 MHz. If signal y(t) = (Modulated waveform)?, then the bandwidth of y(t)
around 30 MHz is:

A) 0.1 MHz
B) 0.2 MHz
C) 0.3 MHz
D) 0.5 MHz

Pl Problem 30 (Kasturi, 2021)

Consider the message signal illustrated below, which is used to
frequency modulate a carrier. Assume a frequency sensitivity of ks Hz/V and
that the FM signal is given by

s(t)=4, cos[27zfct + ¢(t)}

Problem 30.1: Sketch the waveform corresponding to the total instantaneous
frequency f(t) of the FM signal for -To/4 <t < 3To/4. Label all the important
points on the axes.

Problem 30.2: Sketch ¢(t) for -To/4 <t < 3To/4. Label all the important points
on the axes. Assume that ¢(t) has zero mean.

Problem 30.3: Write down an expression for the complex envelope of s(t) in
terms of ¢(t).

Problem 30.4: The FM signal s(t) can be written as

s(t)= i ¢, cos(2z f.t+2nxt/T,)

n=—0o0

cn:{ansinc(ﬁ_anrbnsinc(’BJrnﬂ
2 2

in which g =kfTo. Compute a» and b». Assume the limits of integration (for
computing c») to be from -To/4 to 3To/4.

m(t) (Volts)
o

—T,/4 To/4
L

where

T,/2 To/2

Pl Problem 31 (Kasturi, 2021)
A tone-modulated FM signal with the form

s(t)=4, sin[27rfct + 5, cos(27rfmt)}

is passed through an ideal unity-gain bandpass filter with center frequency
equal to the carrier frequency and bandwidth equal to 3fm (+1.5fm on either
side of the carrier), yielding the signal z(t).

Problem 31.1: Derive an expression for z(t).

Problem 31.2: Assuming that z(t) has the form

z(t)=a(t)cos| 27 £t +6(t) ]

compute a(t) and 6(t).

Hint: Use the relations
1 px=x

J, (,B) :Z x:_”exp[j[ﬂsin(x)—nx]]dx

and
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Pl Problem 32

A carrier c(t) and a message m(t) are used to generate an FM signal. If
the peak frequency deviation of the generated FM signal is five times the
maximum frequency fm = 2 kHz, then the coefficient of the term
cos[2m(1006x10%)t] in the FM signal equals which of the following? ) denotes
a Bessel function; take fc =1 MHz as the carrier frequency.

A)Js(3)
B)J2(5)
C)Js(5)
D)J4(5)

P> SOLUTIONS

P.1=) Solution

The upper side-frequency is fc + fm = 4.004 MHz, while the lower side-
frequency is fc - fm = 3.996 MHz. Adding the two parameters and solving for
carrier frequency, we get

(f.+f,)+(f. = f,)=4.004+3.996 =8 MHz
~.2f. =8.0MHz

| f. =4.0MHz

If the carrier is Accos(w,t), u is the modulation index, and fm is the
modulating signal frequency, we may write

UA, HA,
s(t)=4, [1+ ,ucos(a)mt)] cos(w.t)= 4, cos(a)ct)+Tcos[(a)c +o, )t] +TCOS[(C€% -o, )t]

Since the amplitude of each side frequency is 36 V and the
modulation index equals 0.5, we can solve for the carrier amplitude A,

M 36 54 =12
Y7,
A4 = 72 =144V
0.5
The carrier has a frequency of 4 MHz and an amplitude of 144 V.

P.2 w) Solution
The carrier signal is given by
s(t)= 4, |1+ pcos(a,t)]cos(a.t) = 5[ 1+ pcos(w,t) |cos(w,)
s(t)=5cos(w,t)+5ux(t)cos(w,t)

Since [x(t)| <1, the factor shown in red must equal 3 V. The
modulation index is then

Su=3—->u=0.6

» The correct answer is B.

P.3 =) Solution

Substituting m(t), expanding, and using the appropriate trigonometric
identities, we obtain

s(t)= [1 + m(t)]cos(a)ct) = [1 +%cos(a)1t) —%cos(a)zt)} cos(w,t)
~s(t)= cos(a)ct)+§cos(a)1t)cos(a)ct)—%cos(a)Zt)cos(a)ct)

~s(r)= cos(wct)+%cos[(a)c +w, )t]+%cos[(w€ =) )t]—icos[(a)c +a)2)t]—%cos[(a)c —w,)t]

Of the five terms above, the first one is the carrier component and
the remaining four are side band components. Noting that power is
proportional to squared amplitude, the power efficiency in the AM scheme at
hand is given by
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1 1

. 7+7
272
Side band power _ 62 42 _ 0.0828

Power efficiency of AM =
Total power 11

I+ & + 22
.. Power efficiency of AM =

» The correct answer is A.

P.4 =) Solution

If the symmetric square wave has a period of 20 ps, its fundamental
frequency is fo =1/(20x107°) = 50 kHz. Now, the square wave can be
represented by the Fourier series

m(r)=24 cos(27zf0t)+Cos(iﬁfot)wLCos(lgﬂfot)f.}
T

which means that m(t) has frequencies fo, 3fo, 5f0, and so forth. It follows that
if we amplitude-modulate a 1-MHz carrier using this signal, the modulated
signal will have frequencies

10°+20%10°, 10° £60x10°, 10° £100x10° Hz, ...
-.1020kHz, 1060kHz, 1100kHz, ...

» The correct answer is B.

P.5 =) Solution

The spectra can be easily obtained if we consider the following
Fourier transform pairs,

cos(27zf0t)@%[5(f—f0)+5(f+fo)] (1)
sin(27rf0t)@%[5(f—ﬁ))—§(f+foﬂ (2)

~al| 2a
a’ +(27zf)2
x(1)y (1) = X(1)*Y(f) &)

Baseband signal (i): In this case, m,(t) = cos(1000mt) = cos(2mw x 500t).
With recourse to identity (1) above, we have

M, (f) :%[5(f—500)+5(f+500)}

The corresponding magnitude spectrum |Mi(f)| is shown below.

€)

—500 500
The DSB-SC signal is

¥, (¢)=m, (t)cos(10,00077)

Applying Fourier transformes,
()= M, (f)*%[5(f—5000)+5(f+5000)]

~Y ()= %[Ml (£ —5000)+M,(f+5000) ]

The spectrum Y;(f) should have two copies of the spectrum M;(f)
centered at 5000 Hz; also, the amplitudes should be multiplied by 1/2.

© 2021 Montogue Quiz



> f

—5500 |—4500 4500 | 5500
—5000 5000
Finally, we surmise that the USB spectrum is made up of Dirac deltas

at frequencies 5500 and —5500 Hz, while the DSB spectrum is made up of
unit impulses at 4500 and —4500 Hz.

Baseband signal (ii): In this case, m,(t) = 2cos(1000mxt) +sin(2000mt).
Transforming to the frequency domain brings to

M,(f)= 26)[5(f—500)+5(f+500)]+2ij[5(f—1000)—5(f+1ooo)]

WM, (f)= [5(f—500)+5(f+500)]+2ij[5(f—1ooo)—5(f+1ooo)]

The corresponding magnitude spectrum |Mx(f)| is shown below.

M.,(f)
3
L
)2
L,
—1000 —500 500 1000 7

The DSB-SC signal is
¥, (¢) =m, (¢)cos(10,0007¢)

Applying Fourier transforms,
Y, (1)=M, (f)*%@(f—5000)+5(f+5000)}

S Y, (t)= %[M2 (£ —=5000)+ M, ( f+5000) ]

The spectrum Y, (f) should have two copies of the spectrum M,(f)
centered at £5000 Hz; also, the amplitudes should be multiplied by 1/2.

Y,(f)
1/2 1/2 1/2 1/2
1/14 ] ] 1/14 1/4 ] I 1/4
—6000 —5500 | —as00 —4000 | 4000 4500 | 5500 6000 f
—5000 5000

The USB spectrum is made up of Dirac deltas at 5500, 6000, —5500,
and —6000 Hz. The DSB spectrum is made up of unit impulses at 4000, 4500,
—4000, and —4500 Hz.

Baseband signal (iii): In this case, m;(t) =cos(1000nt)cos(30007t).
Using trigonometry,

m, (t) = cos (10007¢) cos (30007¢) = %[2 cos(30007¢)cos (10007¢) |
oy () = %[cos(3000m +10007¢) +cos (30007 100077 ) |
WANE %[cos(40007zt) +cos(20007¢) |

oy (t) = %[cos(27r2000t) +cos (271000¢) |

Transforming to the frequency domain yields
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M,(f)= i[&(f+1000)+5(f—1000)+5(f+2000)+5(f—2000)]

The magnitude spectrum |Ms(f)| is shown below.

> f

—2000 —1000 1000 2000

The DSB-SC signal is
v, (t)=m,(t)cos(10,0007¢)

Applying Fourier transforms,
1 (0) =M, (1) [8(7 ~5000)+ 3( £ +5000)]
Y, ()= [ M (f—5000)+ M, ( f+5000)]

The spectrum Y;3(f) should have two copies of the spectrum M;(f)
centered at 5000 Hz; also, the amplitudes should be multiplied by

Ys(f)
1/18 1/18 1%8 1/18 118 1{8 1/18 1/8
—7000 —6000 ] —4000 —3000 | 3000 4000 ] 6000 7000 !
—5000 5000

The USB spectrum is made up of Dirac deltas at 6000, 7000, —6000,
and —7000 Hz. The DSB spectrum is made up of unit impulses at 3000, 4000,
—3000, and —4000 Hz.

Baseband signal (iv): In this case, m,(t) = —exp(—10|t|). With recourse
to identity (3) above,

2a 2x10
M = =
=3 +(2zf) 10*+(2xf)
M, (f): 02

1+(ﬂfj2
5

This is a continuous spectrum and can be plotted with the
Mathematica code

0.2
In[94] = Plot[ s {f, -5, 5}, Frame - True, GridlLines - Automatic,
1+ (Pixf/5)2

PlotStyle » Blue]

The plot is shown below.

0.20F
0.15[
’;é 010}
0.05!
0.001
-4 -2 0 2 4
f (Hz)

10
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The DSB-SC signal is
v, (t)=m,(t)cos(10,0007¢)

Applying Fourier transforms,

Y, (¢)=M, (f)*%[é(f—5000)+5(f+5000)}
S Y, ()= %[M4 (£ —5000)+M,(f+5000)]
The spectrum Y,(f) should have two copies of the spectrum M,(f)
centered at 5000 Hz; also, the amplitudes should be multiplied by 1/2.

Y4(f)
N

0.1

| | 7
—5005 —4995 4995 5005
The DSB and USB spectra are highlighted below.
Yalh
N
USB DSB 0.1 DSB USB
| | | e
—5005 —4995 4995 5005

P.6 = Solution

Problem 6.1: The modulated wave can be expressed as
s(t)=4,[1+km(t)]cos(27 f.1)

which, substituting m(t), becomes

s(t)zAc(H kazjcos(Zﬁfct)

1+1¢

For 50 percent modulation to be achieved, the amplitude sensitivity
ks must equal 1, in which case we obtain

$(1) = Ac(1+ lzjcos(ZEfCt) 0

1+¢

AMAAAAAAANL LA A ANAAD D
SRS

-10 -5 0 5 10
Time
Problem 6.2: For a double sideband-suppressed carrier modulation,
the modulated wave is given by

s(6) = Am(t)cos(2nf 1) = 1f§2 cos(2zf.1)| (11)

Equation (I1) is plotted below.

11
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_1‘910 -5 5 10

Time
Problem 6.3: In this case, s(t) is given by
s(f)= ‘iv [m(¢)cos(2 /1)~ m(t)sin(2f.1)]

A

ss(t)= 2‘ [l-i—ltz cos(27xft)- 1—:t2 sin(27f, t)} (TI1)

Equation (I11) is plotted below.

0.6 ]
0.4¢ .
0.2¢

oo/\/\/\/\/\/\/\/\/\ /\/\/\/\/\/\,\,\,\5

02| "Vvvvvv\/\/\/v\/vvvvvvé

04/ :
T -5 0 5 10
Time
Problem 6.4: In this case, s(t) is given by
A _ )
s(1) = 2‘ [m(t)cos(27zfct)+m(t)sm(27rfct)]
ws(t) =] L cos(2nfd) +—"sin(22f.0) || aV)
2 [ 1+¢° R ‘
Equation (IV) is plotted below.
0.6 - ‘ w - | - - - - ‘ - - - | ]
04} |
0.2 ]
0.0 |
-0.2F —
—04} ]
059 -5 0 5 10
Time
P.7 m Solution

Problem 7.1: When an input to a DSB-SC generator is m(t), the
corresponding output is m(t)cos(w.t). Clearly, if the input is A + m(t), the
corresponding output will be [A +m(t)lcos(w,t). This is precisely the AM
signal. Thus, by adding a dc of value A to the baseband signal m(t), we can
generate an AM signal using a DSB-SC generator. However, we can generate
DSB-SC using AM generators if we use two identical AM generators in the
balanced scheme illustrated below to cancel out the carrier component.

[A+meesfeos @t
AM >~ -
|— 7| generator Ot
P cos wt A
AM »
e ~ >
1 e nerqte [A-mib)] eos <, t

© 2021 Montogue Quiz



Problem 7.2: When an input to a DSB-SC demodulator is m(t)cos(w,t),
the corresponding output is m(t). It follows that if the input is [A +
m(t)lcos(w,t), the corresponding output will be A + m(t). By blocking the dc
component A from this output, we can demodulate the AM signal using a
DSB-SC demodulator.

The converse, unfortunately, is not true. This is because when an
input to an AM demodulator is m(t)cos(w,t), the corresponding output is
Im(t)| (the envelope of m(t)). Hence, unless m(t) > 0 for all t, it is not possible
to demodulate a DSB-SC signal using an AM demodulator.

P.8 = Solution

As the reader surely knows by now, the general expression for a tone-
modulated AM signal is

= 4,[ 1+ pcos(27 f,t) |cos(27f.1)
and can be expanded to yieId

s(t) =4, cos(2x f.t)+ cos[27r (f.—=1) t]+ cos[27z (f.+/, )]

Comparing this with the amplitude modulator at hand, it is apparent

that
A=A
g_t4
2

2f =400 — f =200Hz

2(f.—f,)=360— f.— f, =180Hz
2(f.+1,)=440 > f. + f, = 220Hz

Since Ac=A and the carrier power is 100 W, we may write

AZ 2
= 2‘3 :A?leO—)A=\/200

n|4=14.1

Since the given AM wave is tone-modulated, the modulation factor is
given by

2

H 2 2
=04 —> u =04x%x(2+
2+,le H ( H )
—08—1—04/12
O6,u

Finally, B is calculated to be

p_ kA _115x14.1

= =|8.11
2 2

P.9 =) Solution

Initially, gd(t) = [A + m(t)] cos(wt). The signal that enters the low-pass
filteris

g, (1) =[ A+ m(1)]cos* (1) =%|:A+m(t):|+%|:A+m(t)]cos(2a)ct)

The first term is a lowpass signal because its spectrum is centered at
w = 0. The lowpass filter allows this term to pass, but suppresses the second
term, whose spectrum is centered at +2w,. Hence the output of the lowpass
filteris

y(t)=A+m(r)
When this signal is passed through a dc block, the dc term A is
suppressed, yielding the output m(t). This shows that the system can

demodulate the AM signal regardless of the value of A. This is a synchronous
or coherent demodulation.

13
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P.10 =) Solution
With u =0.5, amplitude A is found as

m, 10

=05=—L="

“ A A4
S A=20

The AM signal is sketched below.

Mz05
3¢ _o~ '
- . ”~

e AT
B

-.30- ~ . -
With i =1.0, we have
10
=1.0=—"L=—
a A A
S A=10

The AM signal is sketched below.

u= 4

With u =2, we have

m, 10

—20="2 220

: A A
£ A4=50

The AM signal is sketched below.

H=2

5 *

When y — o, A =0 and the modulation corresponds to the DSB-SC
case. The modulated waveform is shown below.

u=oC
ve * C
)
-|c

P.11 =) Solution

Problem 11.1: The carrier amplitude isA =10/0.8 =12.5. The carrier
power is Pc=A?/2=12.5?/2=78.1.

Problem 11.2: The sideband power is m*(t)/2. Because of symmetry of
amplitude values every quarter cycle, the power of m(t) may be computed by
averaging the signal energy over a quarter cycle only. Over a quarter cycle
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© 2021 Montogue Quiz



m(t) can be represented by the straight line equation m(t) = 40t /To, as
illustrated below. Mathematically,

2
0 25T
! j”“(ﬂj di=— s =333

m

R o R

The sideband power is

2
p=" ) 67
T

The efficiency is

P )
n= s xlOO%zLxIOO%z 17.5%

P+P 78.1+16.6

c N

m L)

P.12 =) Solution

Refer to the figure below.
m(t)

—>t

Since the message has zero mean, the upper triangle that constitutes
the initial portion of the wave must have the same area as the inverted
triangle that constitutes the later portion of the wave; in mathematical
terms,

1 1 1 1 1
EtlAl :E(T_t])Az —)EtlAl :EAZT—EtlAz

1 1
'.’EII(A1+A2):EA2T
AT
st =—2— (D)
A+ A4,

where t; is indicated in the foregoing sketch of the signal. Now, for a general
AM signal given by

s(t)=A4,[1+k,m(t)]cos(27f.1)
the power efficiency is
__ AKPRJ2 kP,
A2+ L2K°P,2  1+k2P,

n (ID)

where P denotes the message power, which can be found from the integral
Ler
P, = FL-O’” (¢)dr (1)

In the present case, the message signal can be represented by a
piecewise function consisting of two straight lines,

Atlt, , 0<t<t
m([)_{l/l <<l

A4 (E-T)(T-4), t,<t<T

Substituting in (I11) brings to
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2 2
TA(t-T
P, L7 (1) _lJ‘ At d+lj 2 )d
T =0 T ¢ Tt (T-t)
"o3r r
Using (1),
£ 4 AZZ(T_AAZZJ
+
WP, ==X LI L2
3T A4 +4, r
p A,
" 3
Lastly, we substitute into (1) to obtain the power efficiency
szA
_ kjpm _ 3 kazAlA2
T P, g A N
3
P.13 = Solution

The multiplier output can be written as
s, (1) = cos[27r (f.+Af) t] A [m Jeos(27 f.t)+ (¢ )sin(27rfct)]cos[27r(fc +Af)t]
s ()= %m(t){cos(ZﬂAft)+cos[27z(2fc +Af)t]}

){sin[27r(2fc + Af)t] - sin(27zAfl‘)}

The output of the lowpass filter is

+/;‘rh(t

[m cos (27zAft)—m(t )SiIl(Zﬂ'Aﬁ):I

When Af is positive, sot) is an SSB signal with carrier frequency Af
and upper sideband transmitted. This is illustrated below for Af =10 Hz.

M;(f)
A2

l\ /l >f(|(HZ)

—3.41 —031-0.01 0.01 031 3.41

When Af is negative, sy(t) is an SSB signal with carrier frequency Af
and lower sideband transmitted. This is illustrated below for Af = —10 Hz.

M;(f)
A.[2

l\ /I >f(kHZ)

—3.39 —0.29-0.01 0.01029 3.39

P.14 =) Solution
The FM-modulated signal in question has the general form
x, (1) =4, cos [27rfct + 5, sin(27zfmz‘)]

Comparing this expression with the FM signal we were given, it is
easy to see that the carrier frequency is

f. =10° =100 MHz

Comparing the general x{(t) to the FM signal at hand, the modulating
signal frequency is found to be

16
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22 f, = 6007 — f, =007
2r

[ £, =300Hz

Equating x{t) to the FM signal in question a third time, it is apparent
that the modulation index equals 6.

181'26

Noting that modulation index equals the ratio of peak frequency
deviation to modulating signal frequency, we may write

Peak freq. deviation

B, = — =6 — Peak freq. deviation = f, x6
* Modulating signal frequency
.. Peak freq. deviation =300x 6 =|1.8kHz
P.15 =) Solution
Per Carson’s rule, the bandwidth can be estimated as
35%10°
BW =2 +1 =35x10° > B, +1= I
(B, 1)1, Birl==— O
From the definition of modulation index,
A 12x10°
B = g
o
Substituting in (1) and solving for modulating signal frequency,
35x10°  12x10° 35%10°
B, +1= - +l=—
| 2f, S 2f,,
e 35x10° 12x10°
2/ o
e 5.5x10°
Jon
| f,, =5.5kHz
P.16 =) Solution

Problems 16.1 and 16.2: The PM signal can be stated as
m(t)=A4, cos[27rfct +k,A, cos(27f, t)]

The phase deviation is k,Am. The instantaneous frequency due to the
message is
Li[kpAm cos(2zf, t)} =—k,A, [, sin(2zf,1)
27 dt

so the frequency deviation is Af; = kyAmfm, which indicates that it is directly
proportional to fm. Now, the PM signal described by the first equation can be
considered to be an FM signal with message given by

m, (t)=—(k, [k, )A,f,sin(2xf,1)
The bandwidth of the PM signal we began with is then
By =2(0 + £,) =21, (k,4, +1)
BT,PM ~ 2fmkpAm

which shows that Brewm is linearly proportional to modulation frequency. In
contrast, in FM the frequency deviation is Af, = kfAm, which is independent of
fm. The bandwidth of the FM signal is
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By =2(A+ ) =2(k,A, + £,,)

P.17 =) Solution
Problem 17.1: The modulation index for a FM modulation scheme is
given by
g kit
!
Son

Here, ks =14x10° Hz/V as stated, Am = 7 is the amplitude of the
modulating signal, and fm =12 kHz is the linear frequency of the modulating
signal; accordingly,

(14><103)><7

p -0 [

12x10°
Appealing to Carson’s rule gives the bandwidth BW,

BW =2(B, +1)f, =2x(8.17+1)x12 =[220kHz

Problem 17.2: The modulation index for a PM modulating scheme is
given by

B, =k A =12x7=[8.4

The corresponding bandwidth is

BW =2(pB,+1) f, =2x(8.4+1)x12=226kHz

P.18 = Solution
At first, Af; =36 kHz and fm = 3.2 kHz, giving a modulation index S ;
such that

A
PR
T 32

By Carson’s rule, the required bandwidth is

BW,=2(B,,+1)f, =2x(11.3+1)x32=78.7kHz

Now, if the deviation is reduced to 20 kHz, the modulation index
becomes ¢, =20/3.2 =6.25 and the bandwidth required is calculated to be

BW, =2(B,,+1)f, =2x(6.25+1)x3.2=|46.4kHz

P.19 = Solution

Problem 19.1: The average transmitted power can be obtained by
squaring the amplitude and dividing the result by 2,

2
Average transmitted power = % =|7200 W

Since 3.6sin(21007t) represents the phase deviation at any instant t
and since sin(2100mt) has a peak value of 1, the peak phase deviation equals
3.6 radians.

To find the peak frequency deviation, first note that the
instantaneous frequency is given by

€

fi(6)= —ﬂx{%[%zfct+3.6sin(2100m)]} =57 x 2% f. +2ix3.6x21007zcos(2100m)

T

o fi(t)= f. +3780cos(21007¢)

The frequency deviation at instant t is 3780 cos(2100mxt), and the peak
frequency deviation is 3780 Hz.
Problem 19.2: The signal can be considered a PM signal with 8, = 3.6

and a modulating signal of sin(2100xt), or a FM signal with 8 =3.6 and a
modulating signal of cos(2100mt).

18
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P.20 =) Solution

Problem 20.1: For FM, the frequency deviation is Af =kim,/2m =
200,0007 x 1/2m =100 kHz and the baseband signal bandwidth is B =
20007/2m =1 kHz. The corresponding bandwidth is

BW,,, =2(Af +B)=2x(100+1)=|202kHz

Similarly, for FM we have Af =kym;/2m =10 x 2000m/2m =10 kHz and

BW,,, =2(Af +B)=2x(10+1)=|22kHz

Problem 20.2: The message signal is restated as m(t) = 2 sin(20007xt).
The baseband signal bandwidth is unchanged at 1 kHz. Also, m, = 2 and,
deriving the new message signal, m;, = 4000x. It follows that, for FM, Af =

ksm,/2m =200,0007 X 2/2m = 200 kHz, giving a bandwidth such that

BW},, =2(Af +B)=2x(200+1)=[402kHz

Likewise, for PM, Af =kpmy,/2m =10 x 40007/2m = 20 kHz, leading to a
bandwidth such that

BW;,, =2(Af +B)=2x(20+1)=|42kHz

Problem 20.3: The message signal is restated as m(t) =sin(4000mt).
The baseband signal bandwidth is now B = 4000%/2r = 2 kHz. Also, m, =1 and
my, = 4000m. Accordingly, for FM, Af = kgm,/2m = 200,0007 X 1/2m =100 kHz,
so that

BW,,, =2(Af +B)=2x(100+2) =|204kHz
Similarly, for PM, Af =kpm;,/2m =10 x 4000m/2m = 20 kHz and
BW};M = 2(Af+B) = 2><(20+2) =|44kHz

Problem 20.4: Doubling the amplitude of m(t) roughly doubles the
bandwidth of both FM and PM. Doubling the frequency of m(t) (i.e.,
expanding the spectrum of M(w) by a factor of 2) has hardly any effect on the
FM bandwidth but roughly doubles the bandwidth of PM, indicating that the
PM spectrum is sensitive to the shape of the baseband spectrum. The FM
spectrum is relatively insensitive to the nature of the spectrum M(w).

P.21 =) Solution

Problem 21.1: The carrier component of the FM signal is reduced to
zero at values of 8 such that the Bessel function Jo(8) = 0. These are § = 2.44,
5.52, 8.65, 11.8, and so forth; the first B is 2.44.

Problem 21.2: For tone modulation, 8 = kfAm/fm. Solving for kf and
substituting brings to

ﬂ=kam—>k.:f’”’B
Lo A,
k= % = [122KH2V

The value of Am for which the carrier component goes to zero for the
second time is

Bl _352x1.0

"k 122

4.52V

P.22 =) Solution
Problems 22.1 and 22.2: Switching from time domain to frequency
domain, the message signal becomes M(w) = Ve ®°/*. The spectrum M(w) =

Vre™®*/*is a Gaussian pulse that decays rapidly. Its 3-dB bandwidth is 1.178
rad/s or 0.187 Hz, which is a very small bandwidth compared to Af. Deriving
with respect to time yields mi(t) = —2tet*/2 The spectrum of mlt) is M'(w) =
jwM(w) = jNTwe™®*/* This spectrum also decays rapidly away from the origin,
and its bandwidth can also be assumed to be negligible compared to Af. For
FM, the frequency deviation is
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k,m, _ 60007 x1 _
2r 2

3kHz

Af =

and the bandwidth can be approximated as

BW =~ 2Af =2x3.0=16.0kHz

To find my,, we first set the derivative of 7(t) equal to zero and solve
for time; doing so yields

2 2 1
i(t)=—-2e"P +are P =0 > t=—-=0.707
0 +

(watch out for the two tiny dots above r(t)), so that

m; = n'1(0.707) =0.858

Finally,
k m'
Af =™ 80007 x0.858 3430 Lz
27 27
and
BW =~ 2Af =2x3.43=6.86 kHz

P.23 mp Solution

Problems 23.1: The maximum frequency of the output wideband FM
signal is 75 kHz. The maximum frequency deviation of the narrowband FM

signal is 1 kHz. It follows that
75
n= 10

Thus, the carrier frequency at the output of the first frequency
multiplier is 75 kHz. However, the required carrier frequency is 104 MHz,
which means that a frequency translation in order. The value of nz is then

Ixn,—75=104 > [n, =179

Problems 23.2: Let us assume that the errorin fo is @« Hz. The error a in
the final output carrier frequency is

n,a —ma = +200 — (n, —n, ) a =+200
+ +

+£200 = +£200 =|£1.92Hz
n,—n, 179-75

o =

P.24 u) Solution

The modulation index can be interpreted as the maximum phase
change of s(t). In the case at hand,

Modulation index = max | 10 cos (27 x1500¢)+15sin (27 x2500¢) | =10 +15 =

» The correct answer is C.

P.25 =) Solution

The baseband signal bandwidth is B =20007/2m = 1000 Hz. Further,
the instantaneous frequency w;(t) is

, (1) = @, +20,0007 cos (10007t ) + 20,0007 cos (20007t )

The maximum value of this expression is Aw = 20,0007 + 20,0007 =
40,0007, which corresponds to a linear frequency deviation Af = 20,000 Hz.
It remains to determine the bandwidth BW,

BW =2(Af + B) = 2x(20,000+1000) = [42 kHz

P.26 =) Solution

The maximum phase deviation in PM is
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Phase deviation in PM = k , x max [m (t)] =3k,]

where we have used the fact that the maximum amplitude of the m(t)
waveform is 3. Similarly, the maximum phase deviation in FM is

Phase deviation in FM = 277k, x max Um(t)dt] =27k, x (4>< 3) =247k,

where we have used the fact that the maximum area enclosed by the m(t)
waveform is 4 x 3 =12. If the maximum phase deviation is the same in both
schemes, ratio ky/ks is calculated to be

k 247
3k, = 24rk, —>k—P:T:
,

» The correct answer is C.

P.27 wp Solution

Inspecting the Fourier transform spectrum, the bandwidth of the
modulating signal is clearly W =10 kHz. Also, kr is given as 75 kHz/V and
amplitude An is taken as 1V because |x(t)] < 1. The modulation index is then

k4, 75%x1.0

= = =75
I w 10

The required bandwidth is computed as

BW =2(B, +1)W =2x(7.5+1)x10=[170kHz

P.28 w) Solution

Problem 28.1: The instantaneous frequency for FM modulation can be
written as

fi =1 +kfx(l‘)

Referring to the waveform we were given, the maximum value of x(t)
is 25V, so that

Foma = fo k[ x(6)]  =5%x10°+(6x10")x25 =|5.15MHz

Problem 28.2: For a phase modulation scheme, the instantaneous
frequency is described by

max

=30

where phase deviation ¢(t) = kpx(t), so that

fi=for =L p(0)]= £+ [d(t)}

27 dt dt

or, at the extremum,

(D)o =Fi+52 50|

The maximum instantaneous frequency occurs when the slope of the
modulating waveform is maximum. In the interval from 0 to 1 ms, dx(t)/dt =
25/(1x1073) = 25,000; in the interval from 1to 4 ms, dx(t)/dt = 0; in the interval
from 4 to 5 ms, dx(t)/dt = —25/(1x1073) = —25,000; after t = 5 ms, dx(t)/dt = 0.
Accordingly, the maximum dx/dt is 25,000 and the corresponding
instantaneous frequency is

k
(). =1 +2—p[%x(t)} = 5x10° +-2-x 25,000 = [5.024MHz
T

max 27[

P.29 =) Solution

We first determine the modulation index 3,
2f,, (14 8, ) =BW = 2x(2x10°)x(1+ 8, ) = 0.1x10°
,Bf =24

Now, if a FM signal can be represented as
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s(t)=4, cos[Zﬂfct+[)’f sin(27zfmz‘)]

it follows that a signal y(t) = s*(t) becomes

y(t)=5(t)= 4 cos’ [Zﬂfct + B, sin(27rfmt)] =

3

(67 ft+3p, sin(27f,1)]

Comparing this modified signal with the general FM waveform, it is
easy to see that the modulating frequency stands unchanged at f;;, = f,,, = 2
kHz and the modulation index 7 = 3, = 72. Lastly, we employ Carson’s rule
to obtain

W’ =217 (1+ B} ) = 2x2x(1+72) = 292kHz ~|0.3MHz

» The correct answer is C.

P.30 =) Solution

Problems 30.1and 30.2: The total instantaneous frequency is depicted
in figure 1 below. Note that

=2rk Im
The variation of ¢(t) is shown in figure 2, where

T T
—A+27rkf—°=A—>A=77kf—°
72 72

Figure 1 Figure 2
flt) é(t)
_ ferw Y-

T4l |5 (T4

—A
: I fo— kf :
e e
TO/Z TO/Z

Problem 30.3: The complex envelope of s(t) is
E(t) =A. exp[j¢(z‘)]

Problem 30.4: To compute the Fourier coefficient cs, first note that
¢(t) can be represented by the straight-line equations

5(6) = 27k ,t, —~T, [4<t<T, /4
2rk, (~t+1,/2), T,/4<1 <37, /4

so that
c, :FO iTi);:/4§(t)exp(—j27mt/7}))dt
c A T4 : 8 3%/ .
S, = T Itj_T0/4exp[]2ﬂt(kf -n/T, )]dt+ T o™ I ;/4exp[—]27zt(kf+ n/TO)]dt D
=Integral 1 =Integral 2

In the expression above, integral 1 evaluates to

A _
Integrall = —sinc (ﬁ nj
2 2

while integral 2 gives

Integral2 = 4, [

e—jﬂﬂ/2e—j3n7[/2 _ejﬂﬁ/Ze—jnzr/Z (H)
—j27 (B +n)

Now, note that
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Likewise,

These two identities can be used to restate (l1) as simply
A A
Integral 2 = " sinc pin —”(—l)n sinc pin
2 2 2 2

Finally, we substitute the two integrals in (I) to obtain the final form
of coefficient cn,

cn:{isinc(ﬂ_nj+i(—l)nsinc(ﬁ-'_nﬂ
2 2 2 2

Comparing this with the expression for c» given in the problem
statement, it is clear that

P.31 =) Solution

Problem 31.1: The input FM signal can be written as
s(t)= A cos[ 27 fit+ Beos(2x f,t)—7/2 | =Re[ §(t)exp(j27ft)]
where
$(t)=4, exp[jﬂcos(27zfmt)—j7r/2] =—jA, exp[j,Bcos(Zﬂfmt)}

which is a periodic function with period equal to 1/fa. It follows that 5(t) can
be expanded as a Fourier series such that

- i c, exp(j27rnfmt) (I

n=—0o0
where
V(2/w) 3 . .
c, —fj s )exp( Jj2nnf, t)dt——]AfI 1/2f exp[]ﬂcos 27rfmt ]exp(—]Zﬂnfmt)dt
Now, let
T
2rf t=——x
S >
so that
2rft =~

and ¢, can be restated as

c, :%j;;/j/zexp[j(ﬂsin(x)—n(7r/2—x))]dx

Noting that the integrand is periodic with respect to the newly
introduced variable x with a period 27, we can interchange the limits and
integrate from-m tom,

c, = /4, K}ﬂexp[j(ﬂsin(x)—n(;r/2—x))]dx

- 2
A, exp[j(,gsm(x)_nx)}dx

(n+1)ﬂ'/2

JS.eo=

e
"2

—j(n+1)7r/2J‘7T

X=—7T

¢, =AJ_,(B)e
Substituting in (1),

= A, i J_, (ﬂ)exp[j27rnfmt—(n+l)7r/2]

n=—00

That is,
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s(t)=A4, i J_, (ﬂ)cos[Zﬂfct+27mfmt—(n+1)7r/2]

n=-w
The output of the bandpass filter is

z(t)=AJ,(B)cos( 2z fit—7)2)+ A J_ (B)cos(2nf.t+27 [t — )
+A4,J,(B)cos(2z f.t =27 f1)
~z(t)=A4.J,(B)sin(2x f.t)+ A.J,(B)cos(27 f.t + 27 f, t)
+A4,J,(B)cos(27 f,t =27 f, t)
nz(t)=A.J,(B)sin(27 f.t)+2A.J, (B)cos(27 f.t)cos (27 £, t)
Problem 31.2: Assuming that z(t) is of the form
z(t)=a(t)cos| 27 £t +6(1) ]
c.z(t)=a(t)cos(2x f.t)cos| O(t) |- a(t)sin (27 f.t)sin[ 6(t) |
it can be seen that
a(t)cos| 0(1) | =24.J,(B)cos (2 f,1)
a(t)sin| 6() |=—4.J,(B)

Accordingly, the envelope of the output is

a(t)= A\[20,(B)eos (27 £,0) ] +J2(B)

while the phase is

2J,(B)cos (27 f, 1)

e<r>-tan{ % (5) }

P.32 =) Solution

A single-tone FM signal such as the present one can be represented
by the general form

s(t)= Agcos[Zﬂ(fc +”fm)t]Jn (B)

If the peak frequency deviation equals 5 times the maximum
frequency, the modulation index 8 = 5. The cosine term we were given can be
conveniently restated as

cos[27r(108 +3><(2><103))t}

which, comparing with the general form of s(t), indicates thatn = 3. Thus, the
term cos[2m(1006x10°)t] is accompanied by a Bessel function such that

Ju(B)=|4:(5)

» The correct answer is C.
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Was this material helpful to you? If so, please consider donating a small
amount to our project at www.montoguequiz.com/donate so we can keep

posting free, high-quality materials like this one on a regular basis.
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