
EXAM: Matematisk statistik och diskret matematik D (MVE055/MSG810)
Time and place: Wednesday, August 28, 2013, V.
Telefonvakt: Alexey Lindo, tel. 772 82 94
Aids: Chalmers approved calculator and at most one (double–sided) A4 page of own notes.
Tables of appropriate statistical distributions are provided.
Grades: Maximal points: 10. You must score at least 3 points on this exam. For the final grade
your score here will be combined with scores from the VLE tests on scale 3: 12 points, 4: 18
points, 5: 24 points.
Motivations: All answers/solutions must be motivated. Language: You may write your
answers in either English or Swedish.

1. (3p) Each of the random variables U and V takes the values ±1. Their joint distribution is
given by

P(U = 1) = P(U = −1) =
1

2

P(V = 1|U = 1) = P(V = −1|U = −1) =
1

3

P(V = −1|U = 1) = P(V = 1|U = −1) =
2

3
.

a) Find the probability that x2 + Ux + V = 0 has at least one real root.

b) Find the expected value of the larger root of x2 + Ux + V = 0 given that there is at
least one real root.

c) Find the probability that x2 + (U + V )x + U + V = 0 has at least one real root.

Hint: A formula for finding roots of ax2 + bx + c = 0:

x1,2 =
−b±

√
b2 − 4ac

2a

2. (2p)

a) How large a random sample should be taken from a distribution in order for the
probability to be at least 0.99 that the sample mean will be within two standard
deviations of the mean of the distribution? Use Chebyshev’s inequality to determine a
sample size that will be sufficient, whatever the distribution.

b) How large a random sample should be taken from a normal distribution in order for the
probability to be at least 0.99 that the sample mean will be within one standard
deviation of the mean of the distribution?

3. (2p) Three girls A, B and C are playing table tennis. In each game, two of the girls play
against each other and the third girl does not play. The winner of any given game n plays
in game n + 1. The probability that girl x will beat girl y in any game that they play
against each other is sx

(sx+sy)
for x, y ∈ {A,B,C}, x 6= y, where sA, sB , sC represent the

playing strengths of the three girls.

a) Represent this proces as a discrete-time Markov chain by defining the possible states
and constructing the transition matrix.

b) Determine the probability that the two girls who play each other in the first game will
play each other again in the fourth game. Show that this probability does not depend
on which two girls play in the first game.



4. (3p)

a) Over a representative mix of client requests, a database server exhibits random response
times. The response time T , measured in seconds, is known to have a normal
distribution with variance 0.004. Using a sample of size 10, estimate the mean of the
distribution and find a 90% confidence interval for the mean. Suppose that the sample
contains the following observations.

i 1 2 3 4 5 6 7 8 9 10
Ti 1.72 1.88 1.84 1.81 1.75 1.92 1.80 1.68 1.80 1.81

b) Use the same context and data as in part a), but now assume a known mean.
Specifically, the response time T of a database server, measured in seconds, is known to
have a normal distribution with mean 1.80. Estimate the variance and report a 90%
confidence inteval for the variance.

Lycka till! Good luck!







Chi-Square Distribution Table

2χ0

The shaded area is equal to α for χ2 = χ2
α.

df χ2
.995 χ2

.990 χ2
.975 χ2

.950 χ2
.900 χ2

.100 χ2
.050 χ2

.025 χ2
.010 χ2

.005

1 0.000 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.345 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0.412 0.554 0.831 1.145 1.610 9.236 11.070 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 8.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 40.289 42.796
23 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.559
25 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 46.928
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.879 14.573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
28 12.461 13.565 15.308 16.928 18.939 37.916 41.337 44.461 48.278 50.993
29 13.121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.336
30 13.787 14.953 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
40 20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766
50 27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490
60 35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.298 88.379 91.952
70 43.275 45.442 48.758 51.739 55.329 85.527 90.531 95.023 100.425 104.215
80 51.172 53.540 57.153 60.391 64.278 96.578 101.879 106.629 112.329 116.321
90 59.196 61.754 65.647 69.126 73.291 107.565 113.145 118.136 124.116 128.299
100 67.328 70.065 74.222 77.929 82.358 118.498 124.342 129.561 135.807 140.169


