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ECE 340
Probabilistic Methods in Engineering

M/W 3-4:15

Prof. Vince CalhounProf. Vince Calhoun

Lecture 11: Lecture 11: ChebychevChebychev, Markov, , Markov, 
TransformTransform
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Quiz

• Write the pdf of a Gaussian random 
variable

• What’s the difference between a normal 
random variable and a standard normal 
random variable 
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Reading

• This class: Section  4.6-4.7
• Next class: Section 5.1-5.2



4

Functions of RVs
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Markov inequality

• Markov's inequality gives an upper bound 
for the probability that a non-negative 
function of a random variable is greater 
than or equal to some positive constant. 

• Markov's inequality (and other similar 
inequalities) relate probabilities to 
expectations, and provide (frequently) 
loose but still useful bounds for the 
cumulative distribution function of a 
random variable.
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Markov inequality

• if X is any random variable and a > 0, then
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Proof:

For a>0. let

Taking expectation of the above
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Chebyshev inequality
• Chebyshev inequality states that in any data 

sample or probability distribution, nearly all the 
values are close to the mean value, and provides 
a quantitative description of "nearly all" and 
"close to".

• In particular,
• No more than 1/4 of the values are more than 2 

standard deviations away from the mean; 
• No more than 1/9 are more than 3 standard deviations 

away; 
• No more than 1/25 are more than 5 standard deviations 

away; 
• and so on. In general:
• No more than 1/k2 of the values are more than k 

standard deviations away from the mean. 
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Chebyshev’s Inequality

If X is a random variable with finite mean μ and variance σ2, then for any value 
k > 0.

Proof: Since ( X - μ)2 is a non-negative random variable,
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Ex 8.1: 
The numbers of robots produced in a factory during a day is a random 
variable with mean 100. Describe the probability that the factory’s 
production will not less than 120 in a day. Also if the variance is known to 
be 5, then describe the probability that the factory’s production will be 
between 70 and 130 in a day.

Ans
Let X be a random variable of the numbers of robots produced in a day.
By the Markov’s inequality:

Therefore, the probability that the factory’s production will not less than 
120 in a day is not greater than 5/6.

By the Chebyshev’s inequality:

Therefore, the probability that the factory’s production will be between 70 
and 130 in a day is not smaller than 35/36.
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