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The input is zero mean white 
noise,

Finite Time Average of White Noise
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Finite Time Average of White Noise
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With zero mean white noise,
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Example 8-6.1 White noise having a two-sided spectral 
density of 0.80 is applied to the input of a finite-time integrator 
having an impulse response of

Find the value of the autocorrelation function of the output at
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What is the corresponding transfer function?
T<||τ
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Analysis of “Signal Plus Noise”
)()( tVAtX +=

)(tV
Consider a signal/process
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where the noise
has an autocorrelation function of                            . 

An RC circuit is being used to filter out the noise and the 
requirement is to measure A with an error of 1% when A is on the 
order of 1. Determine the RC time constant.
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has an autocorrelation function of                         for 

Example 8-6.2
)()( tVAtX +=Consider a process of a dc signal plus noise

where )(tV
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.02.0|| ≤τ A finite time integrator is used to estimate the value of 
A with the expectation that the rms error is less than 0.01. If the 
impulse response of the integrator is )]()([1)( Ttutu
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Since the signal is a constant and the expected error is small, it is reasonable to assume 
that within the passband, the noise power is constant (equivalent to white noise).
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Frequency Domain Analysis
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As discussed previously, to avoid technical difficulties associated 
with the existence of Fourier transform of random processes, we 
focus on the method of spectral density. 
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RC Circuit – Input Output Relationship
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Finite-Time Integrator – Input Output 
Relationship
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Example
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White noise having two-sided spectral density of 1 V2/Hz is 
applied to the input of a linear system having an impulse 
response of

1. Find the value of the output spectral density at
2. Find the value of the output spectral density at
3. Find the mean-square value of the output.
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Example – Cont’d
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In the previous example, the mean-square value can also be 
calculated through integration of the spectral density over the 
entire frequency range:
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The rms bandwidth of the system:
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Example
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A linear system has an impulse response of                      . 
If the input has a spectral density of

1. Find the value of the output spectral density at
2. Find the mean-square value of the output.
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We consider the input bandwidth to be much greater than the 
system bandwidth, and therefore
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Equivalent Baseband Noise Bandwidth
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The equivalent-noise bandwidth, BEN, of a system is defined to be the 
bandwidth of an ideal filter that has the same maximum gain and the 
same mean-square value at its output as the actual system when the 
input is white noise.
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Therefore,                            or                        for a RC circuit.

Half-Power BW & ENB of RC Circuit
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Time-domain representation has 
advantage when the system 
transfer function is non-rational.
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Bandwidth of A Finite-Time Integrator
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Time Derivative
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Consider a signal/process                         where A is a random 
variable uniformly distributed in (4,6) and the noise         has an 
autocorrelation function                    . Find the power of the time 
derivative of the signal with frequency within 10 rad/s.
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