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Introduction 

 
In this paper we determine the distribution of 

quantum noise in the optical IM-DD systems in the 
presence of variable light intensity. Let we consider the 
Poisson’s distribution of quantum noise in the presence of 
variable light intensity. The light intensity is variable 
because of different interferences. Because of that we 
calculate the distribution of quantum noise by averaging 
the conditional Poisson’s distribution. We take the case 
when the light intensity has Gaussian probability density 
function (pdf). 

The quantum noise appears because of quantum 
natural of light [1]. It is important to determine the 
probability of the quant number in the some time interval. 
We could always make the time interval so small that no 
one quant of light or only one appears in that interval. It 
can be assumed that the probability of appearance one 
pulse in the time interval ∆t is proportional to this interval. 
If it is valid, the quant number has Poisson’s distribution 
[1]. It is important to determine the current amplitudes 
quantum noise probability density function. In some cases 
this probability density function is Gaussian.  The variance 
of quantum noise has distribution proportional to the 
average value of the quantum noise. Because of that the 
quantum noise is the Winer’s random process. When the 
value of the quantum noise is significant, and binary 
hypothesis have equal probability, the threshold is not at 
the medium.  

In the optical IM-DD systems [1], [2] on the fiber can 
appear interference with Gaussian pdf. The interferences 
with this distribution originate from optical amplifiers 
along the fiber. They are 50-100km for away from each 
other and compensate the reducing of light. The noise, 
which appears because of the spontaneous emission of 
light has Gaussian pdf. The Gaussian noise formed in the 
fiber can be resulted by mixing the modes. Some new 
modes can be formed at one connection of the optical 
fibers, but at the next connection that is modal noise. The 
modal noise exists because of nonlinear transformations 
along the fiber and it is similar to the interferometer noise. 
The amplitudes of this noise can have Gaussian pdf [1]. 
Also, several interferences with uniform phase pdf can 
occur in the optical fiber[2]. When the number of 

interferences is more than 10, it can be assumed that noises 
have Gaussian pdf [3].  
 
The distribution of the first order photodiode quantum 
noise  
 

The intensity of the light exiting the photodiode is [2]: 
 

 ( )2xAC +=λ . (1) 
 

C is constant and it can take the value 1. The 
electromagnetic wave consists of two terms. First of them 
is constant and it depends of hypothesis from transmitter 
and the other one is x, and it is the interference formed in 
the fiber with Gaussian pdf. 

The number of quants exiting the photodiode depends 
on intensity of light and its conditional probability in a 
time interval is [4]: 
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The Gaussian noise x which appears in the fiber has 

the probability density function:  
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where σx

2 is the variance of the Gaussian noise.  
The probability of number of quants is obtained by 

averaging the expression (2): 
 

( ) ( ) ( ) ( ) ( ) ⋅
+

== +−
∞

∞−
∫∫

2

!

2
xAC

nn
e

n
xACdpnPnp λλλ

λ  

 dxe x

x

x

2

2

2

2
1 σ

σπ

−

⋅ , (4) 

because of  p(λ)dλ=p(x)dx. 
While we determine the statistical characteristics of 

signal in telecommunication systems in the presence of 
Gaussian noise very often we use the integral: 
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 It can be shown as: 
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If we use 
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from (6) we obtain:  
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where are: 
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 Integral (8) can be given by: 
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After the substitution: 
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and using binomial expansion we get 
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where the integral ( )nI2  is defined by 
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The quant number probability exiting the photodiode 
in the presence of Gaussian noise in the fiber for the digital 
optical telecommunication IM-DD systems is: 
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The distribution of the n-th order photodiode quantum 
noise 
 

The number of quant n1,n2,…,nn exiting the 
photodiode at non coincide time intervals τ1, τ2,…,τn. The 
light intensities in that intervals are λ1,λ2,...,λn. If the light 
intensities λ1,λ2,...,λn are constant, the probabilities of 
number of quant n1,n2,…,nn are:  
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If the time intervals τ1, τ2,…,τn do not coincide, then 

the conditional joint quant number probability is equal to 
product of probabilities: 

 

 
( ) =nnnnnp λλλ ,...,,,...,, 2121   

 

 .
!!

...
!! 12

2

1

1 2
2

1
1

k
k

n
n

e
n

e
n

e
n

e
n

n

k k

n
k

n

n
n

nn
λλλλ λλλλ −

=

−−− ∏==  (16) 

If the interference with Gaussian pdf exists in the 
fiber, the light intensities nλλλ ,...,, 21  are: 
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The conditional joint probability of number of quant 
n1, n2,…nn  in time intervals τ1, τ2,…,τn  is then 
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The joint probability density of Gaussian variables x1, 
x2,..., xn is: 
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where D is determinant of  matrix covariance, and   Vij 
cofactor of  matrix covariance.  The joint probability of 
number of quant n1,n2,…,nn  in time intervals τ1, τ2,…,τn  is 
finally: 
 ( ) =nnnnp ,...,, 21  
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Conclusion 

In this paper we determined the distribution of 
quantum noise in the presence of variable light intensity. 
The distribution of quantum noise in the presence of 
variable light intensity is Poisson’s. The light intensity is 
variable because of different interferences. Because of that 
the distribution of quantum noise is calculated by 
averaging the conditional Poisson’s distribution. We 
considered the case when the light intensity has Gaussian 
pdf. If the amplifier noise appears in the fiber, 
electromagnetic field in optical fiber has Gaussian pdf. 
Also, when more interferences exists, it can be assumed 
that  they have Gaussian pdf.  
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