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This Topic will cover

» Modulation
» Amplitude Modulation (AM)

Time Domain
Percentage Modulation
Spectrum of AM signals
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» AM- Supressed carrier (SC)
» AM-Single Side Band (SSB)
» AM Demodulation

» AM Receivers

2 EENG 372:Topic |:Amplitude Modulation Dr. Sana Almansoori 9/16/17



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)

/\/_/\/\ t

» Modulation —»

> T t
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?

4 EENG372: Communication Systems | Dr. Sana Almansoori 2/19/2017



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

= y [

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 (1) :4@005(272 @t

Three things can byﬁanged by th# 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.

v ()=, oos( 27 f, t+)
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Amplitude Modulation

Q: How is AM done!?

Assume our carrier signal is:

v (¢) =V +cos(2x f, 1)
And our message (modulating) Yignal is:
v (¢)=V_cos(2x f 1)
where f.>>f  f£>10f,
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Amplitude Modulation

Q:What do we get!

The carrier amplitude is changing with the modulating signal:

V(1) = (VC +V cos(2x f, z‘)) cos(2z f, t)
v (&)=V cos2x [, t)+V cos(2x f, t)cos(2x f. 1)

”

v, &)=V cos(2r f, t)£1+ 7’" cos(2xr f, 1) j

C

v, @)=V cos(2x f, t)(1+ m)cos(2z f t) )
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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(407 1) v (t)=cos(2x t)
]FC — eeeeees fm = .
Ve = V o=...
V.
m=—=.......
V

Vv, (&)=2cos(2x f, t)( 0.5 cos(2x f, t) )
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13

modulating (message) signal
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Amplitude Modulation

Example:
v (1) = cos(407 1) v (¢)=0.5cos(2rx t)

= fry =
¢ T s V. =.....

Vm

m=—"-=.....
V.
V@) =....cos(2rx f. t)(1+ ...... cos(2x f t) )
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modulating (message) signal
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Amplitude Modulation

Example:

v.(t)=2cos(407 t) v (1) =cos(r t)

v, ) =...cosr f. )1+ ... cos(2z £, 1))
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modulating (message) signal
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Amplitude Modulation

Example:
v (t)=2cos(40x ¢) v,, (1) =0.5cos(47 1)
= o=
C BRRIREELE Vm — teecene
Vm
m=—=.......
V.
v, ) =...cosr f. )1+ ... cos(2z £, 1))
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modulating (message) signal
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Amplitude Modulation

Example:
v () =2cos(60r 1) v (¢)=1.5cos(4rt)
T e fm — eeeeees
¢ T e Vm — oo eoes
Vm
m=—=.......
V.
V() =....cosz f. )1+ ...... cos(2z £, 1))
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modulating (message) signal
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Amplitude Modulation

Example:
v, (£) = cos(407 1) Vi (8) = coS(47 1)
= o=
C BRRALRLEL Vm — teeeees
Vm
m=—=.......
Ve
v, ) =...cosr f. )1+ ... cos(2z £, 1))
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modulating (message) signal
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Amplitude Modulation

Example:
v_(t) =3cos(40r 1) v (t)=3cos(2x t)

= fry =
PRRRRITRITE Vm — teeeees

Vm

m=—"=_....
Ve
V@) =....cos(2rx f. t)(1+ ...... cos(2x f t) )
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modulating (message) signal
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Amplitude Modulation

Example:
v (t)=cos(407 t) v, (t)=2cos(3r t)
L= fo=
¢ e Vo o=...
Vm
m=—=.......
V.
v, ) =...cosr f. )1+ ... cos(2z £, 1))
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modulating (message) signal
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Amplitude Modulation

Example:
v (¢)=0.5c0s(407 t) v, (t) =2cos(57 t)
= o=
C BRRIREELE Vm — teecene
Vm
m-=-—=.......
Ve
v, ) =...cosr f. )1+ ... cos(2z £, 1))
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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

o = = = = - = " " =
-1 -0.8 -0.6 -O0.4 -0.2 o o.2 o.4 O.6 0.8
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Amplitude Modulation

Carrier Signal

C
V. =... v.(H)=.....cos(2x....... 1)
Modulating Signal fm =
V =.... v () =.....cos(27 ......t)
m
Modulation index m=_
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Amplitude Modulation

V = Vs + Vi - v.(H)=.....cos(2x....... t)
‘ 2
I =
o=V Vo V()= o COS(TT o)
" 2
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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:

Vo, (0)=V cosQr f. t)+V cos(2x f t)cos(2x .t
Vo (0)=V cos2x f.t) +%(cos(27z (fc + fm)t) + cos(27 (fc —fm)t))
v, () =V.cos(2z f. t) +%(cos(27z fosp 1) +€0S27 frop 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 domaln

v, &)=V, cos(2x f, t)+—cos(27z Jusg 1) cos(27z Sz 1)

AM(f) /
=S50~ )+ 8+ )
2[5 = fusa)+(/+ foso)
P

+ [6(f = frgs) +S(f + fi55)]
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AM Spectrum

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

Covert to the frequency donI;ain
v )=V cos2x f, 1)+ 7’” (cos(27z Jusg 1) Fcos(2r £, t))

Vo ()
=[5 - 1)+ 807+ £)]

2[5 = fus) + O + fysn)]) == -4 1) #8074 1))
R[S = fu) + O + fran)] = TG i L)+ 00 (1)
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AM Spectrum
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Power spectrum Spectrum
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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 =2f
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AM Spectrum

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

|V (D] Ve DI
V. |- V, freeeeeeemeseenn, T
f " f £, f
Amplitude Spectrum Amplitude Spectrum
|Vam (D |

VC ---------------------------
V. /2 ferra, T Jigg = eeenenn.
f-f £ f; f£ BW = fuss — Jiss

C
Amplitude Spectrum
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AM Spectrum

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

|V (D] V@]
VC ---------------------------
V,, heeeeeeeees
f " f f,
mAmplitude Spectrum Amplitude Spectrum
|Vam () | B
fUSB T eeececcccee
VC ---------------------------
V_/2 foreemnsnennnn /) LSB ~ ereceeeees

f -f £ f +1f_ * f BW = fuss — Siss = 2 max

C m
. C
Amplitude Spectrum
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AM Spectrum

Example:
LYm (f)l |u C(f)l
3 -------------------------
7 I THT—
1 2 " f 0 f
Amplitude Spectrum Amplitude Spectrum
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.............. Jisp = eeeeeeens
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Amplitude Spectrum
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AM Spectrum

Example:
|V (D |
o T I
2 3 i
Amplitude Spectrum
|Vam (D |

Amplitude Spectrum
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AM Spectrum

Example:
|‘Ym (f)l |u C(f)l
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AM Spectrum

Example:
|‘Ym (f)l |u C(f)l
2 2 ---------------------------
1 2 " f 30 f
Amplitude Spectrum Amplitude Spectrum
|Vam () |

Forg = oo

Frop = e
d BW:fUSB_fLSB
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Amplitude Modulation:
Power
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AM Total transmitted Power

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

The total power in the AM signal is equal to:
2

F=F+hgt+Fg =H+Fg =Pc(1+m7)

V2
PC:_C
2 .
Vn/)
2
P =P :( 2 :(Vm) :(mVC) :m2 chzmzpc
2 8 8 4 2 4
2 2
m m 2 2
PT_PC+TPC +7Pc =Pc+m7PC =PC(1+m7)
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Power in sidebands

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

2 2 2 )
PSB:PUSB+PLSB:V_m+Vm :Vm :(mVC) _m2 VC2 m’
& 8 4 4 2 2 2

|

]

\
~U

Ve _Val2_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

ne power spectrum

ne bandwidth

ne Total transmitted power

2. T
3. The power spectrum in dB
4. T
5. T
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Percentage Modulation Index

Q:What is the percentage modulation index?

The modulation index is defined as:

v

m=—-
Ve
The percentage modulation index is defined as:
V. 0
percentage m = 7 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:
2 m’
m — m?>
PSB —PC =2 =
H=—"= = 2 - m2 2+ m2
PT PT 1+ 7

Percentage of power in the side bands %:

2
%,u:%xlOO%: L x100%
T +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
D TITH T m’ :2+m2
PT 1+7

Percentage of power in the carrier %(1-p):

%(I—IU)Z%XIOO%Z 5 2 > x100%
T +m

53 EENG 372:Topic |:Amplitude Modulation Dr. Sana Almansoori 9/16/17



AM Percentage Power

Example: Determine the percentage of the total power carried in the sidebands of
an AM signal for tone modulation when

a. The modulation index is 0.5

b. The modulation index in 0.3
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AM Percentage Power

Example: For the previous examples
I. the percentage power in the side bands
2. the percentage power in the carrier in this case
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AM Percentage Power

Example: A given AM broad cast station transmits an average carrier power output
of 40kWV and uses modulation index of 0.707 for sinewave modulation.
Calculate,

l. The total average power output

2. The transmission efficiency
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AM Percentage Power

Example: The amplitude of the modulating signal in the previous example is reduced
until the total transmitted power is 40kW.Assuming that the carrier power
remained constant, compute the new modulation index and transmission
power.
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AM Percentage Power

Example:
What is the maximum percentage power in the side bands?

What is the maximum percentage power in the carrier in this case!?

2
m

Your = X100% = o
i 2+m’ i
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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: 667% 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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Amplitude Modulation:
Double Sideband Suppressed carrier
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DSB Suppressed carrier

Q:What is DSB Suppressed Carrier (SC)?

This is the power spectrum of an AM signal:

AY
23
2 A
V2
? -----------------------------------------------
> f
fc - fm fc fc + fm
Power Spectrum
For m=1;:
- P SB
/J — —P T et cesecens
T
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DSB Suppressed carrier

Q:What is DSB Suppressed Carrier?
This is the power spectrum of an AM SC signal:

Power Spectrum

Fop
PT

IL[: :1
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DSB Suppressed carrier
Q:What is DSB Suppressed Carrier in the Time Domain?

Vit (f) =5 [5(f— f+£)]

+—[5(f Frss) +8CS+ fugp) ]+ 2 [5(f frss) + S + frsp)]

Sc<f>——[5<f Fron) + 8+ fog)]+ 22 [5(f frsp) +S(f + frsp)]

|4 |4
Vpss_sc (t) = 7’” COS(27 fusp t)+ 7’% cos(27 f,gp 1)
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DSB - Suppressed carrier
Q:What is AM Suppressed Carrier in the Time Domain?

Vpss_sc(£) = % cOS(27 fugp 1)+ % coS(27 [ 1)
Vs (0) =005 (£, + £,) 1)+ 2 00527 (/, = £,

Vosasc(t) =V cos(2r f t)ecos(2x f. t)

Vpsp_rc () = (Vc +V, cos(2x f, t)) cos(27 f, 1)
Vosere() =V, cosQ2x [, t)+V cos(2x f, t)cos(2x f.t)
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DSB Suppressed carrier
Q:What is AM Suppressed Carrier in the Time Domain?

modulating (message) signal

4 ; : ; : : ; :

2 -
O} -
2oL _
4t [ L [ [ [ L [

-2 -1.5 -1 -0.5 carrierosignal 0.5 1 1.5 2
4

2

0
) i
4t [ [ [ [ [ [ [

-2 -1.5 -1 -0.5 AM S@signal 0.5 1 1.5 2
4 ; : ; : ; :

2

0
) i
4t r L L r r

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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DSB-SC spectrum

Example:
N Ve D]
2 2 ---------------------------
1 2 " f 30 - f
Amplitude Spectrum Amplitude Spectrum
|Vam (D |
BW:fUSB _fLSB :2fmax
1 frreee
‘ DSB still requires twice
30 " f the information BW

Amplitude Spectrum
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