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Q: What is an indirect FM modulator?

First a NB-FM is generated with small mf and then using 

frequency Multipliers  WB-FM is generated with larger mf 
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Q: What is NB-FM? 

Going back to the defining equation:

Using trigonometric identities: 
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Q: What if the modulation index mf is small ? 

Then:

Substituting: 
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Q: What is an indirect FM modulator?
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Q: What is a Frequency Multiplier?

It is a non linear device followed by a Band pass filter (BPF)

The output of the NLD is:

.....)()()()( 3

3

2

210 ++++= txatxatxaaty

)()( 2

2 txaty 

Non-linear 

Device
BPF

)(tx )(ty )(tz

Signal multiplied by itself



Frequency Multiplier

10/8/202410

Q: What if x(t) is a NB-FM signal?

The output of the NLD will be
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an FM signal with 

double the carrier 

frequency and double 

the modulation index:
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Q: What is the output of the NLD?

The output of the NLD is an FM signal with double the carrier 

frequency and double the modulation index:

After a BPF centered at 2fc and with BW 2f
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Q: What is a Frequency Multiplier?
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Q: What is the output of the multiplier for single 

modulation?

The output of the multiplier is :
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Q: What is the output of the multiplier for any message 

signal?

The output of the multiplier is :
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Receiver

Q: What is a Receiver?

It is the circuit that receives (selects), amplifies and 

detects the communication signal. 

Q: What are the requirements of a Receiver?

1. Selectivity: the ability of the receiver to select a 

desire communication signal and reject other 

frequencies.

2. Sensitivity: the ability of the receiver to pick up 

weak signals. (in the presence of Noise)



Frequency Mixer or Converter   (Ex 4-2)
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Superheterodyne Analog AM/FM Receiver
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