[image: image1.wmf]0043

.

0

)

995

.

0

(

005

.

0

)!

18

(

!

2

!

20

]

005

.

0

,

20

,

2

Pr[

)

(

1937

.

0

)

90

.

0

(

1

.

0

)!

8

(

!

2

!

10

]

1

.

0

,

10

,

2

Pr[

)

(

)

18

(

2

)

8

(

2

=

=

=

=

=

=

X

ii

X

i

EE 653 Exam 1, Spring Semester 2005, Dr. McCalley, open book, open notes
(Off-campus students should fax to 515-294-4263 by 6 pm Monday)

1. (24 pts) An electric power system is supplied from a total of n generating units, with each unit having failure probability of p during a time interval t.
(a) Use the binomial distribution to compute the probability of having 2 units out during the time interval t if (i) n=10, p=0.1, and (ii) n=20, p=0.005.
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(b) Repeat (a) except use the Poisson distribution.
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(c) Based on the calculations in (a) and (b), how is Poisson distribution related to Binomial?
( The Poisson is the limiting form of the binomial as N gets large and p gets small.
2. (16 pts) Consider the density function for the lifetime of a particular component, as shown below.

a. [image: image42.wmf] 
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For this component, calculate the MTTF
We must first find the value of A:
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So 
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b. Find the hazard function h(t). 
Recall that 
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. We found fT(t) above and so now just need to find FT(t).
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For 0<t<1, FT(t)=0.

For 1<t<3, 
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At t=3, FT(t)=0.4

For 3<t<6, 
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As a check, we can see that FT(3)=0.4, FT(6)=1.0


In summary:
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And so we see that 
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c. Assuming that the component works at t=3 years, determine the probability that it will fail before t=3.2 years. Compare this value to h(t)(t.
Two ways to do it. First way is the exact solution.
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The second way is the approximate solution:

By definition: 
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We also know that 
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. So the answer is given by 
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Compare with 0.128 from the exact solution.

d. Repeat (c) using t=5 years to t=5.2 years. Is your answer the same as that for (c)? Explain.
Again… the exact solution first:
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Now, the approximate solution:
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 Compare with 0.358 from exact solution.

3. (24 pts) Suppose that an object has lifetime T that obeys an exponential distribution with (=2 per year
(a) Give the density function, the reliability (survivor) function, and the hazard function of its length of life T.

fT(t)=(e-(t, 
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(b) What is its expected lifetime?

MTTF=
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(c) What is the probability that it will not fail within the first year? 
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(d) What is the probability that it will fail within the first two years?
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(e) Given that it does not fail within the first year, what is the probability that it will fail during the second year?

Since it is exponentially distributed, we can say that the probability of failing during the first year is the same as the probability of failing during the second year, which is just the complement of the probability of NOT failing during the first year. The probability of not failing during the first year was given in (c) as .1353 therefore the answer to this question is 1-.1353=.8647.

(f) What kind of maintenance program would you suggest for this component?

None.

4. [image: image43.wmf] 
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(12 pts) Consider the three component system shown below. Components 1, 2, and 3 fail with rates λ1, λ2, λ3, respectively, and they are repaired with rates μ1, μ2, μ3, respectively. 

(a) Draw a Markov diagram for this system, indicating the states, the number j of each state, and for each state, which components are up (kU) and which are down (kD), where k is the component number 1, 2, or 3. Also indicate the state transitions and corresponding transition rates. 
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(b) Express the probability of failure in terms of the long-run state probabilities pj.
P(failure)=p2+p5+p6+p7+p8
5.  (24 pts) Consider the four state Markov process partially, but sufficiently, described in the figure below. All possible transitions between the 4 states are indicated in the figure. For this process:

a. Give the transition probability matrix P.
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b. Give the transition intensity matrix A. 
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c. Compute the long-run state probabilities.
We have the equations pA=0 and p1+p2+p3+p4=1.0. Replacing one equation in pA=0 with p1+p2+p3+p4=1.0, we have:
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Solution to the above yields:
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d. Assume that the process resides in state A at t=0, and that (t=1. Find the state probabilities at t=3. 
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Assuming it is in state A at t=0, then at t=3, we have:
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e. Would the answers found in part (d) change if one assumed the process resides in state B at t=0?
Yes, as the initial condition vector is different.
f. Does the initial condition affect the answer in part (c)?
No, it does not as they are the long-run (steady-state) probabilities.
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