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THE ADDITIVE (WHITE) GAUSSIAN CHANNEL: A(W)GC

We will now focus on the following important channel model:
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(‘EXTENSION’ OF THE INFORMATION DEFINITION FOR THE CONTINUOUS DISTRIBUTIONS)

Let’s X to be a R.V. with probability density function (p.d.f.) fx(X)

We define entropy H(X) as follows (Differential Entropy)

For two R.V. ‘x’ and ‘y’, we also define:
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When both H(x) and H(y) are finite, then:
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All them become equalities (“=“) for ‘x’ and ‘y’ independent.
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THEOREM:

For a R.V. with p.d.f. given by fx(x) and finite variance σx
2, the 

entropy (differential) is upper-bounded by:

with equality iif ‘x’ follows a gaussian distribution x~N(μ;σx
2)
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This problem follows from the variational solution to:
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It is also possible to proceed as follows. We first state that:
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We assume ‘x’ and ‘y’ two R.V. with the same mean ‘μ’ and varance σ2, 
such that fx(x) is the p.d.f. for ‘x’ and ‘y’ is a gaussian R.V. y~N(μ,σ2):
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Then, for:
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CAPACITY FOR A GAUSSIAN CHANNEL
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Thus, for a discrete-time gaussian channel:

If the channel is a band-limited channel in the interval (-BW,+BW) and for 
an additive WHITE gaussian noise (AWGN):

For a transmission rate rb bits/sec, we can also define the “Energy per 
Information Bit” or Eb as follows:
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Impact of the encoder:
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For a channel with bandwidth BW (Hz), a total of 2BW channel-uses/sec

are possible still preserving the DMC nature of the channel (!): 
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(!) Moreover, 2BW samples/sec suffices for a perfect time representation of a band-limited signal 
of bandwidth BW (Hz). 



13

t



14

t



15

t



16



17

t

+3

+1

-1

-3



18

Finally, for an efficient code (Rc=1) we can relax the bandwidth 
constraint:
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THEOREM: 

The capacity for ‘K’ parallel additive gaussian channels under a total 
transmitted power ST constraint is given by:
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1.- We saw that:

2.- From the Lagrange Multiplier technique:
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Thus:
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Water-Pouring (Water-Filling):
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MORE GENERAL CASES:

1.- Define the “signal to noise spectral density ratio”

2.- Frequency-selective channels (channels with memory)
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