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1 Problem 5-5

f a two-tone test. The transs

5-5 A 50.000-W AM broadcast transmitter is being evaluated by means o .

mitter is connected to a 50-£) load, and m(r) = Ay cos wf + A, cos
fi = 500 Hz. Assume that a perfect AM signal is generated.
\ al in terms of A, and @;.

50-Q load for the 90% i

l

(a) Evaluate the complex envelope for the AM sign
(b) Determine the value of A, for 90% modulation.
(¢) Find the values for the peak current and average current into the

modulation case.

Figure 1: the Problem statement

1.1 part(a)
in-phase component
s(t) =A. (14 kym(t)) cosw.t

Assume k, = 1 in this problem. m (t) = A; (coswit + cos2wit), then s (t) becomes

in-phase component

s(t) = Ac (14 Ay (coswit 4 cos 2wy t)) cos wt (1)

But s(t) can be written as
s(t) = sy (t) coswet — sq (t) sinwct (2)

Where s; (t) is the inphase component and sq (f) is the quadrature component of s (¢).
Compare (1) to (2), we see that

sp(t) = A.[1+ Ay (coswit + cos 2w t)]
sg(t)=0
Now, the complex envelope § (t)of s (t) is given by
§(t) = s1(t) +jsq ()
Hence replacing the value found for s; (¢) and sq (t) we obtain
5(t) = A.[1+ A; (coswit + cos 2w t)] (3)
Now, we can find A, since the average power in the carrier signal is given as 50000 watt

as follows )

A
Pav carrier — € = 50000
- 2(50)




Hence
A. = /100 x 50000 = 2236.1volt

Then (3) becomes
5(t) =2236.1[1 + A; (coswit + cos 2w t)] (4)

The above is the complex envelope in terms of A; and w; only as required to show.

1.2 part(b)

Amax - Amin
— X  ‘'min 5
a Amax + Amin ( )
Need to find angle at which coswt + cos 2wt is Max and at which it is min. then Let
A = coswt + cos 2wt

We see that when wit = 27, then A =141 = 2, hence
Apax = Ac (14 247)

Need to find A, hence we need to find A,,;, For this case we must use calculus as it is
not obvious where this is minimum

OA . .
o =0 = —w; sinwt — 2wy sin 2wyt
0 = —w; sinw;t — 2wy (2sin (wit) cos (wit))
= —w; sinwyt — 4wy sin (wqt) cos (wit)
- +
5 = cos (w1t)

Hence w;t = cos™! (%) — wit = 104.477° (using calculator). hence

Apin = €OS (104.4770> + cos (2 X 104.4770)

= —0.2499 — 0.875
=—1.1249

Then Apin = Ac (1 — 1.1249A4,), so from (5) above

o Amax - Amin
H= Amax + Amin
09— Ae(1+241) — A (1-1.12494))

A (1+24;) + A (1 —1.12494,)
(1+24;) — (1 —1.12494,)

(1+2A;) + (1 —1.12494;)
1+ 24, — 1+ 1.12494,

1+2A, +1—1.12494,
3.12494,

2+ 0.87514,




Hence

Then

1.3 part(c)

Since

1.84+0.9(0.8751A4;) —3.94; =0
1.8—-234, =0

Ay, =0.770

Apmax = Ac (14 2A4;)
=2236.1(1+2x0.77012)
= 5680. 2 volts

Then from Ohm’s law, V = RI,

~5680.2

20
= 113.6 amps

Since mean voltage is zero, then average current is zero.

2 Problem 5-8

5-8 Assume that transmitting circuitry restricts the modulated output signal to a certain peak value,
say, Ap, because of power-supply voltages that are used and because of the peak voltage and
current ratings of the components. If a DSB-SC signal with a peak value of A, is generated by
this circuit, show that the sideband power of this DSB-SC signal is four times the sideband pow-
er of a comparable AM signal having the same peak value A that could also be generated by
this circuit.

Figure 2: the Problem statement

answer For normal modulation, let

Sam (t) = Ac (1 +m (t)) cosw,t




Maximum envelop is 24, (i.e. when myax (t) = 1), this means that A, = 2A,
But

carrier side band

Sam (t) = Accosw .t + A.m (t) cosw,t
So max of sideband is A, or Ap

. . . AN\2 A
5. Hence maximum power of sideband is 1(4e) =

e

2 7)
for DSB-SC, where now use A, in place of what we normally use A, then we obtain

s(t) = A,m (t) cosw,t
Hence maximum for sideband is %AIQ)

Hence we see that power of sideband of DSB-SC to the power of sideband of AM is
142
2%

=4
A3
8

3 Problem 5-13

~1r A7 P LW!D\:‘K
eforn ¢ each block on the bl
| expression that describes the waveform out O €ac
ind a mathematical € §81C
(a) Find a mat
diagram. . ‘ o | o
(b) Show that s(z) 1s an SSB signal. it pusoid m) = 5 cos nf, where @ = 21
‘ i dulated with a sinusoid /7
A transmitter is modulate
5-13 An SSB-AM trans
f, = 500 Hz, and A = 1.
(a) Evaluate mi1)- | Y
(b) Find the expression for a lower ‘a ‘Bisg
(¢) Find the rms value of the SSSBS\;T.a..l
¢ value he SSB signal. )
1y Find the peak value of the . Y
3 ?nd' the E‘\(H'm'll‘r‘tﬂ average power Ol the SSB signa
(e) Find aliz erage e .
) Find the normalized PEP of the SSB s1g <o such that m(r) = TIC¢/ ) and
i i is modulated by @ rectangular pulse s .
3 ransmitter 18 ated -b)
5.14 An SSB-AM trans
=)
(a) Prove that

1 |2+ T
Ay ==In|>—7
: n | = |

Figure 3: the Problem statement

3.1 part(a)

m (t) = 5coswt

o0

m (t) is Hilbert transform of m (t) defined as 7 (t) = / m (1) =dr. Or we can use the

frequency approach where 1 (t) = F ' [—j sign (f) M (f)] where M (f) is the Fourier




transform of m (t). We can carry out this easily, but since this is a phase 90 change, and
m (t) is a cosine function, then
m(t) = bsinwgt
3.2 part(b)
sssp (1) = Ac[m (t) cosw.t F M (t) sin w,t]

Where the negative sign for upper sided band, and positive sign for the lower sided band,
hence

spssp (1) = A.[m (t) cosw.t + M (t) sin wt]
= 5A,. [cos wyt cos w.t + sin wyt sin w,t]
= b5A. [cos (we. — wy) 1]

We can plug in numerical values given
spssp (t) = b [cos (w. — wq) t]
3.3 Part(c)
To find the RMS value of the SSB, pick the above lower side band. First find P,,.

spssp (t) = b[cos (w1 — we) t]

Hence
RM S value of signal = i
ARV
= 3.5355 volt
3.4 part(d)

Then maximum of 5 [cos (w; — w,) t] is when cos (w; — w,)t = 1, hence

SLSSBuay (1) = DvOlt
3.5 part(e)

1
P, = - A?
2
1
— - x25
2><

= 12.5watt



3.6 Part(f)

1
PEP = 55%553,,]&,( (t)

52
)
= 12.5 watt

4 Problem 5-18

- 5.18\ A phasing-type SSB-AM detector {s shown in Fig. P5-18. This circuit is attached to the IF out-
nal superheterodyne receiver to provide SSB reception.

put of a conventio

A B c
T-.®7 LPF

Y

A
D Oscillator ;
455 kHz e
output
! 1 pu
-90°
E
F G
LPF »| -90° phase shift

Figure P5-18

e 1o LSSB or USSB signals. How would the de-
(opposite type of) sidebands?
= 455 kHz. Find the mathemat-

(a) Determine whether this detector is sensitiv
tector be changed to receive SSB signals with alternate

(b) Assume that the signal at point A is a USSB signal with f,
ical expressions for the signals at points B through 1.

(c) Repeat part (b) for the case of an LSSB-AM signal at point A.

(d) Discuss the TF and LP filter requirements if the SSB signal at

width.

point A has a 3-kHz band-

Figure 4: the Problem statement

4.1 part(a)
This is a detector for USSB (Upper side band). i.e.

s(t) = Ac (m (t) coswt — m (t) sinw,t)
A
2

Note, I wrote A, and not in the above. As long this is a constant, it gives the same

analysis.



The reason is because at point H the signal is —%m (t) and at the C point the signal is
+3m (t) , hence due to subtraction at the audio output end we obtain m (t). To receive
LSSB, we should change the sign to positive at the audio output end.

4.2 part(b)
s(t) = A. (m (t) cosw.t — M (t) sin w,t)

at point B

local oscillator

e (m (t) coswet — m (t) sin w,t) cos w,t

A
A (m (t) cos® wet — 1 (t) sin w,t cos wct)
A

1 1 1
= A A, (m (1) (2 + 5 cos 2wct) — Em (t) sin 2wct)

low pass high pass high pass
A'CAC A/CAC A; A, )
=—5m (t) + 5 M (t) cos 2w t — 5 (t) sin 2wt

at point C, after LPF we obtain

so(t) = 4,0
at point F we have
sy (t) = s (t) A, sinw,t
= AL A, (m(t ) cosw.t — M (t) sinw,t) sin w,t
= A A, ( ) cos (wet) sin (wet) — 7 (t) sin? wct)

A A, (m —sm (2w t) — m (t) <; - ;cos 2wct>>

AA € (m (t) sin (2wet) — 1 (t) (1 — cos 2w,t))

at point G after LPF

A A,
at point H after —90° phase shift
ALA,
swt) =+ m (1)

at point I, we sum sy, (t) and s (t), hence s; (t) = ALA™D 4 Al (1) = AL Aom (t)



4.3 Part(c)
s(t) = Ac (m (t) coswet + 1 (t) sinw,t)

This the same as part (b), except now since there is a sign difference, this carries all the
way to point I, and then we obtain

: t)  ALA,
s (1) = ALa, O A 4y g
2 2
This if this circuit is used as is to demodulate an LSSB AM signal, then the signal will be
lost. So, instead of adding at point I we should now subtract to counter the effect of the

negative sign.

4.4 part(d)

Since SSB has bandwidth of 3kH z then this means the width of upper (or lower) band is
3khz. This means the signal has 3khz bandwidth. This diagram shows the LPF requirement

-455-3 _455khz 455+3
Upper band SS 455

signal

Frequency fin khz

-455khz -3 +3 455
LPF

Showing the Low Pass Filter requirement for use with LSSB demodulation

Figure 5: Low pass filter

Hence LPF is centered at zero frequency and have bandwidth of 3khz (may be make it a
little over 3khz band width?)

The IF filter is centered at 455+ (%) for the upper band of the positive band, and centered
at —455 — (%) for the upper band of the negative band. (i.e. for the USSB).



10

For LSSB, IF should be centered at 455 — (g) for the lower band of the positive band,

and centered at —455 + (%) for the lower band of the negative band. (This works if there
is a guard band around 455, small one, to make the design of IF possible).
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1 Problem 5-5 >0

1.1 part(a)
in-phase component
—
s(t) = Ac (1 + kom (t)) cosw,t
Assume k, = 1 in this problem. m (t) = A; (cosw;t + cos 2w;t), then s (t) becomes

in-phase component,
A

7 "~

s(t) = Ac (1 + Aq (coswnt + cos2wit)) coswct (1)

But s(t) can be written as
5(t) = sy (t) coswet — sq (t) sinw,t )

Where s; (t) is the inphase component and sg () is the quadrature component of « (t). Compare
(1) to (2), we see that

s1(t) = Ac[1 + Ay (coswit + cos 2wt)]
SQ (t) =0

Now, the complex envelope § (t)of s (t) is given by
5(t) = s1(t) +Jsq ()

Hence replacing the value found for s; (¢) and sg (t) we obtain

5(t) = Ac[1 + Aj (coswnt + cos 2wit)] | (3)

Now, we can find A, since the average power in the carrier signal is given as 50000 watt as follows

A?
Py carrier = ——= =50
. 3 50) = 50000

Hence

Ac = V100 x 50000 = |2236. 1 vglt
\/

Then (3) becomes

§(t) = 2236.1[1 + A; (coswit + cos 2w t)] | (4)

The above is the complex envelope in terms of A; and w; only as required to show.
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1.2 part(b)

Amax - Amin
= 5
K Ama.x + Amin ( )
Need to find angle at which cosw;t + cos2w;t is Max and at which it is min. then Let A =
coswit + cos 2wt

We see that when wit = 27, then A = 1+ 1 = 2, hence

Ama = Ac (1+ 244

Need to find A, hence we need to find A, For this case we must use calculus as it is not obvious
where this is minimum

0A
— = 0= —w;sinwyt — 2w, sin 2w t
ot
0 = —wi sinwit — 2w, (2sin (wyt) cos (wyt))

= —wj sinwyt — 4w sin (wqt) cos (wyt)
-1
— = c0s (w1t
4 (wit)

Hence wit = cos™! (3}) — wit = 104.477° (using calculator). hence

Amin = cos (104.477°) + cos (2 x 104.477°)
= —0.2499 — 0.875
=—1.1249

Then Apin = Ac (1 — 1. 124\1},41), so from (5) above

_ Amax - Amin
r= Ama.x + Amin
Ac(1+24;) — Ao (1 — 1.12494,)

09 = T+ 24 T A. (1 = 1. 12494,)
~ (1+24;) — (1 - 1.12494,)
T (L+2A4;) + (1 - 1.12494,)
1424, - 141.12494,
T1424,+1—1.12494,
_ 3.12494,
24087514,
Hence .\.(“)[)L

1.8+ 0.9(0.8751A4;) — 3.12494, =0
1.8-2.33734, =0

Then - 0-5

(A =0T1012] 4
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1.3 part(c)
Since

Amax = Ac (1 +24,)
=2236.1(1+2x0.77012)
= 5680. 2 volts A

w819

Vmax

[max
R
_ 5680.2

50
= 113.6 amps X

2b. »3&

Since mean voltage is zero, then average current \is/zero.

Then from Ohm’s law, V = RI,
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2 Problem 5-8

answer For normal modulation, let
Sam (t) = Ac (1 + m (t)) coswt

Maximum envelop is 24, (i.e. when my,y (t) = 1), this means that A, T%lc
But

carrier side band

e | e e
Sam (t) = Accosw.t + Acm (t) coswet

2 2
. . . . . A A
So max of sideband is A, or %P-. Hence maximum power of sideband is % (—2‘1) = and for

DSB-SC, where now use A, in place of what we normally use A, then we obtain

5(t) = Apm (t) coswet

Hence maximum for sideband is ok . Gee G 7[ .
Hence we see that power of sideband of DSB-SC to the power of sideband of AM is

142
24p _
L=

Az

8
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3 Problem 5-13

—
{a) Find a mathematical expression that describes the waveform out of each nlock on the block
diagram.
(b) Show that s(r) 15 an $SB signal.
5-13 An SSB-AM transmitier s modulated with a sinusoid mi4 = 5 cos @i, where @ = 25f .
fi= 500 Hz. and Ac = 1.
(a) Evaluate miih
(b} Find the expression for 4 jower SSB signal.
(¢) Find the rms value of the SSB signal.
{d) Find the peak value of the SSB signal.
(e) Find the normalized average power of the SSB signal.
if) Find the normatized PEP of the SSB signal.
5.14 An SSB-AM \ransmitier 18 modulated by 2 rectangular pulse such that mi = Mui Ty and
Ao =1
(a) Prove that
1 2= Ti
Ay = — iz T
mT R 2 T
3.1 part(a)

m(t) = 5coswit

m (t) 18 IIllbeIt tr Sf T f m t efine m t 7 T. T we can use the erq €] y
t—1 uenc

approach where m (t) = F~1[—j si
.
We can carr ; . (=5 sign(f) M (f)] wh i
v out th ) 1) ere M i
is easily, but since this is a phase 90 chanég) alrsldt }1: (E;);rfz tr.a nsiorm of m (t).
» osine function, then

[UEET
-V

—00

3.2 part(b)

sssp (t) = Ac[m (t) coswet F  (t) sin w,t)

re th e, p
g
gIl T upper S1 d 9 an gn f T h ]. T Slded b d lle
Wlle e allve Si. 1() (le ba]ld (1 ()Sltlve St or the lowe an y nce

spssp () = Ac[m (t) coswet + 1 (t) sin wet]
= _5?\ [coswit coswet + sinwit sin wt]
=/;hc [cos (we — w) 1]

We i i
can plug in numerical values given

\ESSB (t) = 2[(308 (wc - wl) t] ’
2
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3.3 Part(c)
To find the RMS value of the SSB, pick the above lower side band. First find P,,.

s1ssp (t) = 5 [cos (wy — we) t]

Hence
RM S value of signal = 5
g S \/5
= 3.5355 volt X
3.4 part(d)

Then maximum of 5 [cos (w1 — w,) t] is when cos (w; — w,)t = 1, hence

SLSSBmax (1) =

2
3.5 part(e)
2
1 /Z QWO\C
Pav = 5@ e
= % X 25
=125 watt] *
3.6 Part(f) %Q_Q %\ .

1
PEP = 5'3%353",“ (t)

52
= ? /X‘
= 12.5 watt
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4 Problem 5-18

) 5-18) A pharsing-type SSB-AM detector is shown in Fig. P5-18. This circuit is attached to the IF out-

put of a conventional superheterodyne receiver to provide SSB reception.

A B LPF C
T

Y

D Oscillator .
Audio
455 iz 1 oatput
Smau
-90°
N G
£ LPF »{ -90° phase shift |

Figure P5-18

(a) Determine whether this detector is sensitive 1o LSSB or USSB.signaI& HO”Y wm,ld‘ihe de-
tector be changed to receive SSB signals with alternate (opposite type of). sideba '1dsl,1 -
(b) Assume that the signal at point 4 is a USSB signal with f, = 455 kHz. Find the nathe
ical expressions for the signals at points B through /.
) f cas - signal at point A.
(c) Repeat part (b) for the case of an LSSB AM signa : . L .
(d) Discuss the IF and LP filter requirements if the SSB signal at point A has a 3-xHz ban

width
Answer
4.1 part(a)
This is a detector for USSB (Upper side band). i.e.
s(t) = Az (m (t) cosw.t — m (t) sinwet
(6= Ac(m(®) Osinwd) eg

Note, I wrote A; and not 42“ in the above. As long this is a constant, it gives the same analysis.

The reason is because at point H the signal is —im (t) and at the C point the signal is +3m (t)
, hence due to subtraction at the audio output end we obtain m (t). To receive LSSB, we should
change the sign to positive at the audio output end.
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4.2 part(b)

s(t) = Ac (m(t) coswct — m () sinwt)
at point B
local oscillator
sp(t) = s(t)* A, cosw.t
¢ (m(t) coswet — m (t) sinwct) cos wet

A
= A Ac (m (t) cos® wet — 1 (t) sinwet cosw,t)
A

1 1 1. .

= A A (m (t) (5 + 5 cos 2wct) —5m (t) sin 2wct)

low pass high pass high pass

AA . AA, ALA, X

=—<"m(t) + —<=m(t) cos 2wt — —=—1n (t) sin 2wt

2 2 2

at point C, after LPF we obtain
[ t
se(t) = AcAcmT()

at point F' we have
s;(t) = s(t) A, sinwet
= AL A (m (t) coswet — 1 (t) sinwet) sin w,t

= A, A (m (t) cos (wet) sin (wet) — 1 (¢) sin® wet)

— AA, (m (®) %sin (2uet) — (1) (% _ %cos Qth))

LA
= % (m (t) sin (2wet) — M (t) (1 — cos2w,t))
at point G after LPF ,
AA, .
0 (6) = =22 (1)
at point H after —90° phase shift
ALA

sp(t) = +LQEm (t) |

at point I, we sum s, (t) and s, (t), hence s; (t) = A;Acm—yz + i;ﬁm (t)y= A;«n (t)
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4.3 Part(c)

s(t) = Ac (m (¢) coswct + 1 (t) sin w,t)

This the same as part (b), except now since there is a sign difference, this carries all the way to
point I, and then we obtain

m(t) ALA,
2 2

This if this circuit is used as is to demodulate an LSSB AM signal, then{}he signal will be lost. So,
instead of adding at point I we should now subtract to counter the effect of the negative sign.

si(t) = A A, m(t)=0
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4.4 part(d)

Since SSB has bandwidth of 3kH z then this means the width of upper (or lower) band is 3khz.
This means the signal has 3khz bandwidth. This diagram shows the LPF requirement

/\ AN

-455-3 _455khz u band SS 455 45593
pper
signal

Frequency f in khz.

_455khz E +3 455
LPF

Showing the Low Pass Filter requirement for use with LSSB demodulation

Hence LPF is centered at zero frequency and have bandwidth of 3khz (may be make it a little over
3khz band width?)

The IF filter is centered at 455 + (%) for the upper band of the positive band, and centered at
—455 — (%) for the upper band of the negative band. (i.e. for the USSB).

For LSSB, IF should be centered at 455 — (2) for the lower band of the positive band, and centered

at —455+ (g) for the lower band of the negative pand. (This works if there is a guard band around

455, small one, to make the design of IF posst

10
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