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Definition of Stochastic ProcessesDefinition of Stochastic Processes
11stst Order Density and DistributionOrder Density and Distribution
22ndnd Order Density and DistributionOrder Density and Distribution
Conditional DensityConditional Density
Expected Value and AutocorrelationExpected Value and Autocorrelation
AutoAuto--covariance and Variancecovariance and Variance
Examples of Physical Stochastic Examples of Physical Stochastic 

ProcessesProcesses
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Given a random experiment Given a random experiment ℑℑ: (S, F, P), to each : (S, F, P), to each 
ξξ we assign time function we assign time function X(t,X(t,ξξ)   )   tt∈∈ (0,T)(0,T)
Stochastic processStochastic process
family of time functions, family of time functions, ξξ∈∈ S.S.
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Meaning of X(t,Meaning of X(t,ξξ))
t,t,ξξ vary: family of time vary: family of time 
functionsfunctions
t vary: single time t vary: single time 
functionsfunctions
ξξ vary: random variablevary: random variable

t,t,ξξ fixed: single numberfixed: single number
Note:              ...              are n Note:              ...              are n 

random variablesrandom variables
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Example of a stochastic process.  Sample

space has four outcomes.
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Derivative of Air Temp Derivative of Air Temp 
Over OceanOver OceanDerivative of Air VelocityDerivative of Air Velocity
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Alternative definitionAlternative definition: Stochastic process is : Stochastic process is 
a family of random variables X(ta family of random variables X(t11), X(t), X(t22),… ),… 
for t for t ∈∈ (0,T). (0,T). 

i. i. DiscreteDiscrete –– set is finite/set is finite/countablycountably infiniteinfinite
ii. ii. ContinuousContinuous –– set is nonset is non--countablycountably

infiniteinfinite
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11stst Order Density & Distribution FunctionsOrder Density & Distribution Functions
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22ndnd Order Density & Distribution FunctionsOrder Density & Distribution Functions
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StratnovichStratnovich 22ndnd Order Density FunctionOrder Density Function

PropertiesProperties
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Conditional DensityConditional Density

Mean ValueMean Value

AutocorrelationAutocorrelation

AutocovarianceAutocovariance

VarianceVariance
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Sample time & space variations of fluctuation Sample time & space variations of fluctuation 
velocity components in turbulent near wall flowsvelocity components in turbulent near wall flows
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AccelerogramsAccelerograms of 1940 El Centro Earthquakesof 1940 El Centro Earthquakes

ActualActual SimulatedSimulated
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STSSTS--41 Z Lift41 Z Lift--Off AccelerationOff Acceleration

OriginalOriginal

SimulatedSimulated


