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.:
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DSB Suppressed carrier

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

9/30/2024

Power Spectrum

PS B

:—:1
“=p

EENG 372: Topic 1: Amplitude Modulation Dr. Sana
Almansoori



DSB Suppressed carrier

Q: What is DSB Suppressed Carrier in the Time Domain?

In the Frequency Domain:

vAM<f)=V;M fo)]

V V
# L S(F — fusg) + S + fusg) ]+ R[0T = ) + 5(1 + Tisp)]

Voss sc (F) =2 10(F = fuse) + 51 + fug)J+ "2 [5(F = f150) +5(1 + )]

In the time domain:

vV V
Vpsa-sc (1) = 7m Cos(27 fyss t) + 7m cos(2z f g 1)
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DSB - Suppressed carrier

Q: What is AM Suppressed Carrier in the Time Domain?

In the time domain:
Y% V
Vbse-sc (t) = %COS(Z” fUSB t) + %COS(Z” fLSB t)
Vo oo () = \%003(277 (f +f Y1)+ \%COS(Zn (f —f)1)
Vpsa_sc (1) =V, cos(2z f _t)ecos(2z f. 1)
Compare to:
Voss_rc (1) = (V. +V_cos(2z _t)) cos(2z f_ t)
Vpoea_rc () =V, cos(2z T, t)+V cos(2z f t)cos(2x f,t)
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DSB Suppressed carrier

modulating (message) signal

Q: What is AM Sué'
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DSB-SC spectrum

Example:
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Amplitude Modulation:
Single Sideband (SSB)
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Single Side Band AM

Q: What is Single Side Band AM?

Looking at the power spectrum of an D3Banedmtice et temoved
because

PA}_’ they both contain the same information
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Single Side Band AM

Q: What is Single Side Band AM?
This is the power spectrum of an AM SSB sigrsals band is removed

because

PA}_’ they both contain the same information
Vo
g [ ——————
> f
f -f f. £ +f£,

Power Spectrum
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Single Side Band AM

Q: What is SSB in the Time Domain?

In the Frequency Domain:

Vv Vv
Voss-sc (1) =2 5(f ~ fuee) + (1 + fUSB)]Tm[&(MfLSB)]

Vi () =2 [3(f = figa) +( + fip)]

In the time domain:

V
Vsse (1) = 7m €os(27 fysg t)

Vi) =2 c08(27 (1, + £,) 1
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Single Side Band AM

Q: What is Single Side Band AM in the Time Domain?

modulating (message) signal

For tone modulation: 4; L L : L :
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SSB spectrum

Exercise:
Vo © Ve O]
2 2 ..........................
> £ 30 f
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Amplitude Modulation:
Generation DSB-TC
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Generation DSB-TC
V() =V, cos(2x f, t)+V, cos(2x T t)cos(2z f, t)

v_(t) Vam (D)

Ve (1)



Generation DSB-TC

Q: How is a DSB-TC signal generated?
Using a modulator system.

In general to modulate mean mixing frequencies to get a different
frequency.

A linear system will notdo t

We need nonlinear systems to modulate
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Generation DSB-LC

Q: What is an AM modulator?
We will study Square Law Modulator with non-linear device
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Square Law Modulator

Q: What is a square law modulator?
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Non-linear
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Square Law Modulator

Q: What is a square law modulator?

The input to the Nonlinear Devices (NLD) is equal to:

Vl (t) — Vm (t) T Vc (t)
v,(t) =v_ (t)+V,cos(2r f.t)

The output of the NLD is: , .
v, (t) =a, +ayv,(t)+a,v, (t)+av, (t)+.....

We consider only second order terms:

V, (1) = 8y +ay () +a,v," (t)
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Square Law Modulator

Q: What is output of the nonlinear device?

Substituting:
v, (t) = a, +a,|v, () +V, cos(2z ft)]+a,lv. (t)+V, cos(2x 1)

v, (t) =a, +ayVv, (t)+aV, cos(2r f.t)
+2a,v_(t)V, cos(2z f.t)+a,|v. ()] +aV.?cos? (27 f.t)

v, (t) =a,+aV,(t)+aV, cos(2r f.t)

a,V

2
+2a,v_(t)V, cos(2z f.t)+a,|v. ()] + > [1+cos(4r f.1)]
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Square Law Modulator

Q: What is output of the nonlinear device in the frequency domain?

Taking the Fourier Transform:

2

V,(f)= {a ; ""2\2/0

}5(f)+a1v (f)+ ;/[5(f f)+5(f +f)]

+2a2Vm(f)*%[5(f—fc)+5(f+fc)]+a2(vm(f)*vm(f)) av2[5(f 2F)+5(f +2f)]

2

V,(f)= {a T az;/C

}5(f)+a1v (f)+ ;/ [5(f = f)+8(f + )]

ANV (F = £) 4V, (F 4 1)),V (F) 2V, (1)) + 22V [5(f —28) 4 6(F +21,)]
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Square Law Modulator

Q: Assuming the spectrum of the information signal, draw the V,(f).
Vi (1)
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Amplitude Modulation:
Generation SSB
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Filtering Method
Vg (1) = COS(272 (f, + f_) t) =cos( (e, + @, ) 1)

Vi, (£)

Ve (1) Voss_sc (1) Vsss (1)

|YDSB-SC (f) | YDSB-SC (f) |

S
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Limitations of Filtering Method
Vg (1) = COS(272 (f, + f_) t) =cos( (e, + @, ) 1)

Vi, (£)

V, (t) Vssa (t)

| ¥Vpss.sc (|

Vsspsc ()|

=

Iy .

I .

I I\ :
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Amplitude Modulation:
VSB
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Vestigial Side Band (VSB

Q: What is Vestigial Side Band Modulation?

It is between DSB and SSB

It is used for examples where it is difficult to filter out the LSB because the
message signal contains frequencies down to DC

|V D |

|¥Vpsssc (D |




Vestigial Side Band (VSB)

Vpoee oc () =V, cos(2z T t) cos(2x f,t)

Ngpr (1)
v (t) BPF
° ideal BPF
v, (1) Vpsa-sc (1) Vsss (t)
|YDSB-SC (f) | |YSSB-SC (f) |

N f \
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Vestigial Side Band (VSB)

Vpoee oc () =V, cos(2z T t) cos(2x f,t)
h; (1)

Non

Vi, (£)

ideal BPF

V, (t) VsB (t)

|YDSB-SC (f) | YVSB (f) |

---------
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Vestigial Side Band (VSB)
VSSB (t) — VDSB—SC (t) * hBPF (t)
For SSB: Vesa (1) =Vpsa_sc (T) @ Hepe (1)

1 f <f<f+f

0 otherwise

HBPF(f):{

For VSBVse (1) = Vpsa_sc (1) * h; (t)

Viss (T) =Vpea_sc (T) @ H; () :%[Vm(f + 1) +V, (f - fc)]'
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Vestigial Side Band (VSB)

We need to know the value of the filter such that we can recover the
message when we demodulate.
h, (t)

Viss (1) O v, (1)
ideal LPF

cos(2#f t)

V, (t) = Vysp (£) COS(2, ) *, (t)

Vo1 =2 Moo (F = 1) +Vhgp (F + F)]e Hy ()
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Amplitude Modulation:
Demodulation
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Demodulation

Q: What is demodulation?

Demodulation is recovering the original message signal. Also
known as detection.

Q: What is a demodulator?

Itis a circuit that accepts a modulated sighal and recovers the
original message signal.
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AM Demodulator

Q: What isan AM Demodulator?

A simple AM demodulator is an Envelope detector. It is circuit that
detects the envelope of an AM signal, which is the information
signal.
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Homodyne Demodulator

Q: What is a Homodyne Demodulator?
Also known 63 Synchronous or Coherent Demodulator :

VAM ( Vm (t)

V. (t) =cos(2xf t)



DSB-LC

Vi )

|
| VDSB-LC (f) |

\ 4
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Homodyne Demodulator

Q: What ifthe inputis DSC-LC?
Also known as Synchronous or Coherent Demodulator :
Vs e () =V, cos(2z . t)+V_ cos(2z f t)cos(2x f. 1)

Voge 1c () =~ [5(F = 1) +5(F + )

1 1
+ 2 Vi (F = Tusa) # Vi (F + fusa) [+ 2 Vi (F = o) 4V (F + o)

V. (t)| = cos(24f t)



DSB-LC

[V ()

\ 4

|
| VDSB-LC (f) |

| kIVa (D]

v
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DSB-SC

Vi )

|
| VDSB-LC (f) |

\ 4
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Homodyne Demodulator

Q: What if the inputis DSC-SC?
Also known as Synchronous or Coherent Demodulator :
VDSB—SC (t) — Vm ( t) COS(27Z- 1:c t)

Voss-sc (F) =V (F = £)4V,,(F = 1,)]

V. (t) |=cos(24f t)



DSB-SC

[V ()

\ 4

|
| VDSB-LC (f) |

| kIVa (D]

v
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Single Side band (SSBl),
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m (D]

i

Vo (1)

Vm+(f)

f

|VSSB (f) |

Vo (1) =1 Vo (F = )+, (4 1)
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Homodyne Demodulator

Q: What if the inputis SSB?
Also known as Synchronous or Coherent Demodulator :

Vosa (1) = 7 Vo (F = £V, (1 + 1]

V. (t) |=cos(24f t)



Single Side band (SSBl),

m (D]
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Vo (1)

i

Vm+(f)

f

| VSSB
a

| .
Vosa (F) = Vi, (F = £ +V,_(F + £0)]

| kIVa (D]
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Frequency Division Multiplexing (FDM)
v, (t) Vina (t)

v, (t) Vin2 (1)

Vo (t) Vin3 (t)

v, (1) Vi (1)

Carriers Carriers
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