EECS 461 Midterm Exam

Department of Electrical Engineering and Computer Science
University of Kansas
March 14, 2007

[Version A] Instructor: Erik Perrins

[Version B] Instructor: Erik S. Perrins

Problem | Points Score
1 20
2 20
3 20
4 20
5 20
Total: 100
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REMEMBER:
e Show all your work!

e The exam is double-sided.

e Be neat, write legibly.

The following rules apply for this exam:

1. Closed book and closed notes. A calculator is required for full credit.
2. Provide numerical answers as four-place demimals.

3. The exam must be completed within the class period (75 min.).

o Helpful formulas and tables are found in the back of the exam.

o If you can’t finish a problem, then at least set it up.
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1. [20 points] The probability density function (PDF) of the random variable X is defined as

-;—C'a:, 0<e<?2
f@)=4c, 2<z<4
0, otherwise
and is graphed below.
f(z)
C’ -
l
2 4 T

(a) Determine the value of C so that f(x) is a proper PDF.
(b) Compute the mean of X.

(¢) Compute the variance of X.

(d) Compute P(1.0 < X < 1.5).
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2. [20 points] The termination of a chemical reaction occurs at a random time T between 6 and 7.5 hours
after the start of the experiment. The time follows a uniform distribution.

(a) What is the probability that the reaction lasts at least 6.5 hours and no more than 6.75 hours?

(b) [Version A] If the reaction is run four independent times, what is the probability that in at most
one of the four replications of the experiment the reaction will last no more than 6.5 hours?
[Version B] If the reaction is run four independent times, what is the probability that in at least
two of the four replications of the experiment the reaction will last no more than 6.5 hours?
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3. [20 points] An exponential process has a reliability of R = 0.85 at a time of £ = 200 hours. In other
words, R(200) = 0.85.

(a) What is the expected lifetime of the process before it fails?
(b) At what time does the process have R = 0.957

(c) [Version A] If the process has operated without failure for 1000 hours, what is the probability it
will fail in the next 600 hours?

[Version B] If the process has operated without failure for 600 hours, what is the probability it
will fail in the next 1000 hours?
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4. [20 points] The inside diameter of a piston ring is normally distributed with a mean of 12 cm and a
standard deviation of 0.02 cm.

Aesiw&

(a) What is the probability that a piston ring will have a diameter exceeding 12.05 cm? ren.
o

(b) What inside diameter value z has a probability of 0.10 of being exceeded? M
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5. [20 points] This semester we have talked about the fact that surveys are often conducted to estimate
various things. Sometimes the information we are seeking in the survey is sensitive. For example,
suppose we want to survey 1000 University of Kansas students to find out what fraction of them have

- used marijuana in the past month. If we just ask the direct question “Have you used marijuana in the
past month, yes or no?,” some of them might hesitate to answer truthfully, thus affecting the accuracy
of our survey.

Consider this alternative approach. Suppose we have a stack of 1000 cards that are randomly shuffled.
On each card is written one of the following two questions:

e Question A: Have you used marijuana in the past month, yes or no?

e Question B: Have you been 100% marijuana-free in the past month, yes or no?

The person being surveyed (the KU student) draws a random card and answers the question. Since
the question is “blind” to the person conducting the survey (you), the KU student feels comfortable
answering the question truthfully. The probability distribution of the stack of cards is:

o P(A)=03
o P(B)=1—P(A)=0.7

We conduct the survey as outlined above and we get [Version A = 612] [Version B = 604] “Yes”
answers. Based on these responses and the format of the survey, is it possible to estimate the probability
that a student uses marijuana, P(U)? If so, what is your estimate of P(U)?

[Hint: You should use conditional probability concepts from Chapter 1 to solve this problem.]
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Helpful formulas:
Binomial Distribution: P(X =z) = (Z) o £=0,1,2,--,n
p=np, o’=npq

Geometric Distribution: P(X = z) = ¢° 'p, z=1,2,3,--

2__T¢g

Negative Binomial Distribution: P(X. =z)= (: : i) ", z=rr+1lLr+2, -
r o? =
p P

Hypergeometric Distribution:

N N-1
e—)\ Y
Poisson Distribution: P(X =z) = U z=0,1,2,
— = ), o2 =) .
L aca<p |5 0% o Fallm# 2
Uniform Distribution:  f(z) =< b—a’ ~ ~
0, otherwise
b= b+a s (b—a)?
2’ 12
Exponential Distribution (we assume a = 0):  f(z) = Ae™®, x>0
_1 2 _ L
b= :\'7 g = 32
2
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Normal (Gaussian) Distribution:  f(z) = P
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Standard Normal Distribution

The entries in this table give the

areas under the standard normal
curve from 0 to z.

03

01 02 04 © 05 06 07
0040 .0080 .0120 0160 0199 .0239 0279
0438 0478 0517 L0557 0596 0636 0675
‘ 0832 . 0871 0910 0948 .0987 1026 .1064
1217 1255 1293 1331 .1368 .1406 1443
1591 .1628 1664 1700 1736 1772 .1808
1950 1985 2019 2054 2088 2123 2157
2291 2324 2357 2389 2422 2454 2486
2611 2642 2673 2704 2734 2764 2794
2910 2939 2967 2995 3023 3051 3078
3186 3212 3238 3264 3289 3315 3340
K 3438 3461 3485 3508 3531 3554 3577
1.1 3643 3665 3686 3708 3729 3749 3770 3790
1.2 3849 3869 3888 3907 3925 3944 .3962 3980
13 4032 4049 4066 4082, 4099 4118 7 4131 4147
14 4192 4207 4222 4236 4251 4265 4279 4292
1.5 4332 4345 4357 4370 4382 4394 4406 4418
1.6 A452 4463 4474 4484 4495 4505 4515 4525
4554 4564 4573 4582 4591 4599 4608 4616
4641 4649 4656 4664 4671 4678 4686 4693 ‘
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4940 4941 4943 4945 4946 4948 4949 4951 { .4952
4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
4965 4966 4967 4968 4969 4970 4971 4972 4973 !/ 4974
4974 4975 4976 A977 4977 4978 4979 4979 4980 !/ 4981
4981 4982 4982 4983 4984 4984 4985 4985 4986 / 4986
4987 A987 4987 4988 4988 4989 4989 4989 4990/ 4990
WLI b /

gl £
?(DUJI '—-]-1435’ Q™ JL;.., c(ogq.},

=>z:=(.2%

y
T wf“gi\k VD") ﬁ«.”
cved it Q’ #,Er ong

alko = z= 1.2

0157'"9 M\—, ‘le)? Ca./c:/.éy-lu, Igui'

2= [.28155/565¢

b(,\,')L L\)l\_dfs C—O(,,n‘)(""ﬁ




