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APPENDIX C

Response of Correlators 
to White Noise

The inputs to a bank of N correlators represent a white Gaussian noise process, 
n1 t2 , with zero mean and two-sided power spectral density, N0>2. The output of 
each correlator at time t = T is a Gaussian random variable defined by

 nj = 3T

0
n1 t2ψj1 t2  dt j = 1, c, N (C.1)

where 5ψj1 t26 forms an orthonormal set. Since nj is Gaussian, it is characterized 
completely by its mean and variance. The mean is

 nj = E5nj6 = Ee 3T

0
n1 t2ψj1 t2  dt f  (C.2)

where E5 #6 is the expected value operator. The variance of nj is

  σ2
j = E5n2

j6 − n2
j  (C.3)

  = Ee 3T

0
n1 t2ψj1 t2  dt3T

0
n1s2ψj1s2  ds f − n2

j  (C.4)

  = 3T

0
3T

0
E5n1 t2n1s2ψj1 t2ψj1s26dt ds − n2

j  (C.5)

Since n1 t2  is a zero-mean process,

 E5n1 t26 = 0 (C.6)

which implies that

 nj = E5nj6 = 0 (C.7)
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Response of Correlators to White Noise  App. C2

The autocorrelation function of the process n1 t2  is

 Rn1 t, s2 = E5n1 t2n1s26 (C.8)

If the noise n1 t2  is assumed to be stationary, then Rn1 t, s2  is a function of only the 
time difference τ = t − s. From Equation (C.5), we then have

 σ2
j = var5nj6 = 3T

0
3T

0
Rn1τ2ψj1 t2ψj1s2  dt ds (C.9)

For a stationary random process, the power spectral density Gn1 f2  and the autocor-
relation function Rn1τ2  form a Fourier transform pair. Thus, we can write

 Rn1τ2 = 3∞

−∞
Gn1f2ej 2πf τ df  (C.10)

Since n1 t2  is white noise, its power spectral density Gn1 f2  is N0>2 for all f, and we 
can write Equation (C.10) as

 Rn1τ2 = 3∞

−∞

N0

2
 ej 2πf τdf =

N0

2
 δ1τ2  (C.11)

where δ1τ2  is the unit impulse function defined in Section A.4.1. Substituting 
 Equation (C.11) into Equation (C.9), we get

  σ2
j =

N0

2
 3T

0
3T

0
δ1 t − s2ψj1 t2  ψj1s2  dt ds  (C.12)

  =
N0

2
 3T

0
ψ2

j 1 t2  dt =
N0

2
 j = 1, c, N (C.13)

where we have utilized the sifting property of the unit impulse function (see Section 
A.4.1) and the fact that 5ψj1 t26, j = 1, c, N, constitutes an orthonormal set. Thus, 
for white Gaussian noise with two-sided power spectral density N0>2 watts/hertz, the 
output noise power from each of the N correlators is equal to N0>2 watts.
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