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This Topic will cover

» Why Modulation ?
» Amplitude Modulation (AM)

Time Domain

Spectrum of AM signals
Power in AM signals

» AM- Suppressed carrier (SC)
» AM-Single Side Band (SSB)
» AM Demodulation

» AM Receivers
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Modulation

Q:What is modulation?

Modulation is having the message signal alter a carrier signal for
transmission.

The process of impressing a low frequency baseband signal information
signal) onto a high frequency carrier signal

Baseband Information Signal Modulated Signal
(Low Frequency)
1 -+ Modulation |—

/\/—/\/\ t A
: 1 .
Carrier |
(High Frequency

Sinusoidal function)
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Modulation

Q:Why is modulation required in communication systems!?
|. Ease of radiation of higher frequencies.

Antenna size for baseband will be very large

For voice signal (100Hz to 3KHz): Length of Antennad > A/10
Q:What is the size of the antenna!
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Modulation

Q:Why is modulation required in communication systems?

2. Simultaneous Transmission of several signals

More than one baseband signal can be transmitted on the same
channel

Amplitude Spectrum Amplitude Spectrum
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Modulation

Q:What are the different types of Modulation!?

The carrier is usually a sinusoidal signal:

v, (t) ﬁ@cos(bz @t

Three things can byzﬁanged by thg information signal:
|.  Amplitude
2. Angle

i. Frequency

ii. Phase
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Amplitude Modulation:
Time Domain
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Amplitude Modulation

Q:What is Amplitude Modulation ?

is having the message signal
a carrier signal for transmission.

vo(t) <Y, os( 27 1, t+9)
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Amplitude Modulation

Q:How is AM done!?

Assume our carrier signal is:

V. (t) =VV.|cos(2r f, t)
And our message (modulating) Yignal is:
v (t)=V_ cos(2x f_1)
f.>>f  f.>10f,
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Amplitude Modulation

Q:What do we get?

The carrier amplitude is changing with the modulating signal:

vy () =V +V_cos(2z f_t)) cos(2r . t)
V() =V_ cos(2z f t)+V_cos(2z f_t1)cos(2x f, t)

V() =V,_ cos(2r 1, t)(1+ \\//—m cos(2z f_t) j

C

V() =V, cos(27z f_t)(1+(m)cos(2z f 1))
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AM Time Domain

Q:What does an AM signal look like it
the time domain?
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Amplitude Modulation

Example:
V. (t) = 2cos(40r t) v_(t) =cos(2r t)

f=.... fo=

Ve = V. o=..
Vm

m=—=.......
V.
V,, (t) =2cos(2z f_t)(1+ 0.5 cos(2z f_t) )
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modulating (message) signal
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Amplitude Modulation

Example:
V. (t) =cos(407 t) Vi, (t) =0.5c0s(27 1)
fo= fo=.
Ve = V. o=..

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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Amplitude Modulation

Example:
V. (t) = 2cos(407 t) V,, (t) =cos(r t)
fo=o. f o=
Ve = V. o=..

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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Amplitude Modulation

Example:
V. (t) = 2cos(407 t) Vi (t) = 0.5c0s(47 )
fo=o. f o=
V. =.... V. o=..
m = f = e

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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modulating (message) signal
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Amplitude Modulation

Example:
V_(t) = 2cos(607 t) v_(t) =1.5c0s(47 t)
fo= fomo
Ve = V. o=..
Vm
m=—=......
VC

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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modulating (message) signal
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Amplitude Modulation

Example:
v, (t) = cos(407 t) v_(t) = cos(4r t)
f.=.... fo=..
Vc e Vm R
m=—"=....
vV

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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Amplitude Modulation

Example:
v_(t) = 3cos(407 t) v_(t) =3cos(2r t)
fo=. fo=...
Ve = V. o=..

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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modulating (message) signal
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Amplitude Modulation

Example:
V. (t) =cos(40rx t) v_(t) =2cos(3x t)
fo=.... f =
Ve = V. o=..
m=—"=....
VC

Vo () =.....cos(2z f_t)(1+ ...... cos(2z f_t))
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modulating (message) signal

AM signal
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Amplitude Modulation

Example:

V. (t) =0.5c0s(407 t)

Vo (£) =.....cos(27z f_ t)(1+

v_(t) =2cos(57 t)
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modulating (message) signal
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Amplitude Modulation

Example: Find the carrier signal, modulating single and
modulation index?

AM signal
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Amplitude Modulation

Carrier Signal

fo=.

V. =.. V. (t) =......cos(2r....... t)
Modulating Signal f e

Vm — v (t) =......co8(27 ......1)
MO;u_la_ti:n: i_n:le_x ________ I':] _:__ __________
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Amplitude Modulation

V _V”HX Voir = V. (t) =......cos(2r....... t)
- 2
fo=.
V. = Y ;an _ Vo (£) = . COS(2T ... )
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Amplitude Modulation:
Frequency Domain
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AM Spectrum

Q: How does the spectrum of an AM signal look?

Going back to the defining equation:

V(1) =V, cos(2z . t)+V_cos(2x f_t)cos(2x f, t)
V., (1) =V, cos(2r f, t)+\%(cos(27z (f, + f_)t)+cos(2z (f, — f_)t))

V,y (1) =V, cos(2z f, 1) +\%(cos(27z fueg 1) +COS(27 f g5 1))

It consists of the: carrier, upper side band (USB) and the lower side
band (LSB)
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AM Spectrum

Q: How does the spectrum of an AM signal look?

Covert to the frequency domain

V,y () =V, cos(2r 1, t)+—cos(27z fuss t)+—cos(27z f s t)

VAM(f) /
C5(f—f)+5(f+f)
B [5(F  fg)+O(F + T

Vv

+ O = Tige) +5(F + figo)]
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AM Spectrum

Q: How does the spectrum of an AM signal look?

Covert to the frequency do\n/wain
vV, (1) =V_ cos(27 f, )+ 7m(cos(27z fueg 1) +COS(27 f g5 1))

Vau (T)
:\%[5(1‘ —f)+0(f +1)]

vV

R O(F — ) + (T + fugp)] i 22

y S(f—(f, +f N+o(f+(f, +f )]

+\%[5(f — fLSB)+5(f + fLSB)] _> \%[5(]c _(fc_ fm))+5(f +(fc_ fm))]
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AM Spectrum

|Ym (t) | |u C (f) |
V../2 V./2
-f fm " f -fc fcr
Amplitude Spectrum Amplitude Spectrum
| Van O
V_/2
......... V_/4

-(fc-fm) 'fc -(£ +fm f -f fc ]

(Amp]itude Specttum ¢ ™ ft,

37 EENG 372:Topic |: Amplitude Modulation 9/30/2024

Dr. Sana Almansoori



Power spectrum Spectrum

| P (D) [P (D]
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AM Bandwidth

Q:What is the Bandwidth of an AM signal?

The Bandwidth of the AM signal is defined as:

BW = fUSB — fLSB
BW =2 fm
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AM Spectrum

Q: What is the spectrum if the message signal is a sine function ?

|V (D V. D]
| V._/2
; " f | i f
Amplitude Spectrum Amplitude Spectrum
[Vass 1
AYZ7//] T
T A T
f
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AM Spectrum

Q:What if the modulating signal is not a sine!?

|V D | Ve (D]
Vc --------------------------
Vo b
| ; > f f " f
"Amplitude Spectrum Amplitude Spectrum
[V O] Co
USB = rrerreeeees
VC --------------------------
fLSB — issmEEEEEs
A [
f.-f £ £ +f " 1 B\N:.I:USB_fLSBZZ-I:max
Amplitude SpcectrumC
41

EENG 372:Topic |: Amplitude Modulation Dr. Sana Almansoori 9/30/2024



AM Spectrum

Example:
|V (D] NAO)
3 ------------------------
R TP -
" f T
1 2 .
Amplitude Spectrum Amplitude Spectrum
|Vam (D | e
USB_ lllllllllll
.............. flsg =
s 9 101 12 ! BW = Tyee — Tiss

Amplitude Spectrum
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AM Spectrum

Example:
[V D] V@]
4 -------------------------
2 R
" f 20  f
2 3 .
Amplitude Spectrum Amplitude Spectrum
|Vam (D | £ _
USB T ssmEsEEEEEGEGR
fLSB — i asssEEEEas
"t BW = fys5 — fiss

Amplitude Spectrum
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AM Spectrum

Example:
|V (D] Ve (DI
3 ..........................
1.5 freeeennnns
i 5 > f 15 f
Amplitude Spectrum Amplitude Spectrum
|u AM (f) | f .
USB T sssssmmEEaEgs
flog = i

" f BW = fyss — Tise
Amplitude Spectrum
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AM Spectrum

Example:
|V (D] V@]
2 2 --------------------------
" f 30 f
1 2 .
Amplitude Spectrum Amplitude Spectrum
|Vam (D
fusg = eereeen.
fLSB — i iassEnEEas
"t BW = f s — f
Amplitude Spectrum Use  'LSB
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Amplitude Modulation:
Power




AM Total transmitted Power

Q:What is the total power in an AM signal?

The total power in the AM signal is equal tg:,
=R +Rse+Ps =R +Pg =r +=)

2
Y
2 2
(sz) Vo) MV} mPvZz m?
Riss =Pss = =02 _ c) _ C _ P

2 8 8 4 2 4 €

m2
7 PC — PC (1+ 7)
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Power in sidebands

Q:What is the total power in the side bands!?

Vn? Vn? an 2 2\/2 2
PSB:PUSB+PLSB:8+8:4 =(mVC) ZmVC:m P
4 2 2 2

Vo _Vu/2 _P,
4~ 2 2

PSB —

Note that the total power in the sidebands is half
the power of the message signal
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Example: For the AM signals on the previous
slide, find:

I. The spectrum

The power spectrum

The power spectrum in dB
The bandwidth

The Total transmitted power

o W N
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Percentage Modulation Index

Q:What is the percentage modulation index?

The modulation index is defined as:

The percentage modulation index is defined as:

percentage m= \\//—m x100%

C
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Percentage transmitted Power

Q:What is the in the Side
bands?
Fraction of power in the side bands p:
P - F 2 =

Percentage of power in the side bands %p:

P m?
osa =~ x100% = - x100%
] m
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Percentage transmitted Power

Q:What is the percentage power in the carrier!?
Fraction of power in the carrier

(I-p):
P. . 1 2
_— = _lLl = > = >
pT 1+rr; 2+m

Percentage of power in the carrier %(|-p):

%(1— u) = R x100% = 2 x100%
P, 2+m’
T
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AM efficiency

Q:What do you conclude from the previous example!?

From the example we notice that the maximum percentage
power in the side bands = 33%

The remaining 66% of transmitted power is in the carrier,
which does not contain any information

i.e: 66% of the transmitted AM power is wasted

Therefore,

AM is an inefficient method of communication
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Advantages and Disadvantages of AM

Advantages:

+ Simple idea

+ Ease of generation and detection

+ AM communication system cheap to build
Disadvantages:

- Wasteful in power

- Wasteful in Bandwidth

- Susceptible to Noise.
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AM Efficiency
Q: Can AM be more efficient?

To obtain a more efficient method of transmitting
information using AM two techniques are used:

Note that the AM we have been talking about so far is
called:

Double Side Band — Large carrier (DSB-LC)
Double Side Band — Transmit Carrier (DSB-TC)
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