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Date and duration: 
Thursday, 14th of June 2007 
Start:  8:15 
End:   9:45 
Duration: 90 minutes 
 
 
Aids: 
- No communication medium (e.g. cell phones, calculators with Bluetooth etc.) 
 
 
Hints: 
- Please control first, if you have received all the material (listed under: 
 Contents). 
 
- Please place your Legi on your desk. 

 
- Please write your name on every sheet of paper, at the bottom left side. 

 
- Use only the provided sheets of paper. 
 
- When you have finished, place all material back in the envelope and raise 

your hand to call an assistant to collect it. You are allowed to leave until 9:15. 
If you finish later than this, please wait quietly until the end of the assessment 
(9:45). 

 
-  Do not open the paper fastener. 
 
- Use tables attached at the end of this exercise sheets if necessary. 
 
- The assessment consists of two parts and the points are given as follows: 

 
Part 1: “Multiple choice” : 18 questions ×  5 points/question =   90 points. 
Part 2: “Exercise”: : 5 questions ×  6 points/question =   30 points. 
                      Total:    120 points. 

 
Contents 
-  General information, exercises and tables (13 pages). 
- 1 sheet of paper (checkered) 



Statistics and probability theory 
M.H.Faber, Swiss Federal Institute of Technology, ETH Zurich, Switzerland 

 

Surname, Name: 3/13

Part 1: „Multiple Choice“ (90 points) 
   
In answering the following multiple choice questions it should be noted that for some of 
the questions several answers may be correct. Tick ALL the correct alternative(s) in 
every question as: 
    
 
In each multiple-choice question, 5 points are given if and only if all alternatives are 
ticked correctly. Otherwise, 0 point is given. 
 
 
1. The χ2-goodness of fit test can be used for: 

 
estimating unknown parameters of an assumed family of distribution. 

 
checking the appropriateness of an assumed distribution. 

 
ranking the goodness of fit of several distributions. 

 
 
2. According to the specification of a measurement device, the measurement error 

of the device is supposed to follow the Normal distribution. The true standard 
deviation of the measurement error is not known. In order to judge, by a 
hypothesis test, the null hypothesis that the true mean of the measurement error 
is equal to μ , an engineer plans to take 10 samples and obtain the sample mean 

X  and the sample (unbiased) standard deviation unbiasedS . Which of the following 
sample statistic is appropriate in the hypothesis test? 

 

/ 10unbiased

XT
S

μ−
=  

 

/10unbiased

XT
S

μ−
=  

 
/10

/ 10unbiased

XT
S

μ−
=  

 
 
3. A company checks the safety of a bridge. The type of error that they would make 

in case they erroneously reject the null hypothesis that the bridge is safe is a: 
 

type I error. 
 

type II error. 
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4. A new medicine is to be tested against adverse effects before it is allowed to be 
sold in pharmacies. The null hypothesis is given as: 

 
H0: The new medicine has adverse effects. 

 
Which of the following statement(s) is (are) correct? 

 
The type I error has to be kept very low in order to ensure small risks associated 
with the event that medicine will be allowed to be sold, although it has adverse 
effects. 

 
The type II error will lead to the judgment that the medicine is not allowed to be 
sold, although it has no adverse effects. 

 
None of the above. 

 
 
5. In order to check the quality of concrete delivered at a construction site, it is 

planned to collect n  concrete cylinder samples and measure their compressive 
strength. From past experience, the true value of the variance of the compressive 
strength is known to be 2σ . Which of the following statement(s) is(are) correct? 

 
The expected value of the sample variance before the strength measurements 

are carried out is equal to 21n
n

σ−
. 

 
The expected value of the sample variance after the strength measurements 
have been completed always becomes equal to the true variance 2σ . 

 
The expected value of the sample variance before as well as after the strength 

measurements are carried out remains the same as 21n
n

σ−
 

 
Once the strength measurements have been completed, the sample variance is 
no longer a random variable and has a fixed value calculated from the 
measurement results. 

 
 
6. Which one(s) of the following statement(s) is(are) correct? 
 

The probability paper can be used to check whether an assumed family of f 
probability distribution can properly model the data. 

 
The probability paper can be used to check whether a pair of data sets is linearly  
related. 

 
None of the above. 
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7. The traveling time of ETH students from home to the ETH is to be modeled with a 
Normal distributed random variable with the mean Xμ  and the standard deviation 

Xσ . When n samples ix , ( i = 1,2,3,…,n) are obtained to estimate the parameters 

Xμ  and Xσ , which of the following likelihood function is (are) correct?  

( ) ( )2

2
1

1, exp
22

n
i X

X X
i XX

x
L

μ
μ σ

σπ σ=
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⎜ ⎟⋅⋅ ⎝ ⎠
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8. The traveling time by bus from Rapperswil to Zurich is represented by the 
random variable X , and is known to be Normal distributed. The standard 
deviation Xσ  is assumed to be known as 10 minutes. In the next 30 days a 
traveler plans to measure the traveling time every day and will obtain a sample 
mean X . Which of the following equation(s) is (are) to be used to establish a 
confidence interval of the mean value Xμ , if the confidence interval is to be 
estimated with a significance level of 5%α = ? 

 

/ 2 / 2
10 10 0.95
30 30XP k X kα αμ⎡ ⎤− < − < =⎢ ⎥⎣ ⎦

 

 

/ 2 / 2
10 10 0.05
30 30XP k X kα αμ⎡ ⎤− < − < =⎢ ⎥⎣ ⎦

 

 

/ 2 / 2 0.95
10

XXP k kα α
μ⎡ ⎤−

− < < =⎢ ⎥
⎣ ⎦

 

 
 
9. Weights of trucks are measured before the trucks cross a highway bridge. 

Assume that the standard deviation of truck weights is known to be 3 tons. How 
many sample observations of truck weights are approximately required in order 
that the sample mean lies within ± 1 ton of the true mean value with 99% 
confidence? 

 
45. 

 
54. 

 
60. 
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10. The exterior of a building consists of one hundred 3m x 5m glass panels. Past 
records indicate that on average, one flaw is found in every 50 m2 of this type of 
glass panels. A panel containing two or more flaws will cause breakage problems 
and has to be replaced. If the occurrence of flaws can be assumed to be a Poisson 
process, the probability that a given panel will be replaced is equal to: 

 
0.037. 

 
0.143. 

 
0.259. 

 
 
11. The speed of vehicles on a highway is to be investigated. The standard deviation of 

the speed of vehicles is known to be 6 km/h. Consider that two persons – Martin and 
Anna – are assigned the tasks to collect data on the speed of vehicles on this 
highway. Martin and Anna will collect data for n vehicles respectively. The sample 
means can be assumed to be Normal distributed with mean μ  (unknown true mean 

speed) and standard deviation 6 / n . When Martin and Anna separately 
(statistically independently) collect data for 10 vehicles, the probability that Martin’s 
sample mean will exceed Anna’s sample mean by at least 2 km/h is equal to 

 
0.009. 

  
0.015. 

 
0.165. 

  
0.228. 

 
 
12. The occurrence of traffic accidents at a junction of a highway system may be 

modeled as a Poisson process. Based on past records, the average rate of 
accidents is 1/3 per year. It is assumed that in every accident at this junction, the 
probability that there is at least one fatality is 5%. The probability that there is at 
least one fatality at this junction over a period of 3 years is equal to: 

 
0.017. 

 
0.049. 

 
0.189. 

 
0.263. 
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13. The following values were obtained from the compressive strength tests carried 
out on 5 concrete test specimens: 29, 23, 24, 28 and 26 N/mm2. Assume that the 
standard deviation of the compressive strength is known to be 3 N/mm2. If the 
sample mean is to lie within ± 2 N/mm2 of the true mean value, the corresponding 
confidence level based on the 5 measurements given above is equal to: 

 
81.1%. 

 
86.4%. 

 
93.4%. 

 
 
14. 1Z  and 2Z  are two independent Chi-Square distributed random variables with 3 

and 4 degrees of freedom respectively. The variable Z  is then defined as 
1 2Z Z Z= + . Which of the following values exceed the 92.5% quantile of the 

variable Z ? 
 

12.1. 
 

13.9. 
 

14.5. 
 

16.7. 
 
 
15. The lower bound fracture strength of a welded joint is 28 N/mm2. If the actual 

strength of the joint is modeled with the Type III extreme minimum value 
distribution with parameters u = 105 N/ mm2 and k = 1.75, the probability that the 
strength of the joint will be at least 115 N/mm2 is equal to: 

 
0.13. 

 
0.29. 

 
0.45. 

 
Hint: The cumulative distribution function of the Type III extreme minimum value 
distribution is written as: 

( ) 1 exp
k

X
xF x
u

ε
ε

⎛ ⎞−⎛ ⎞= − −⎜ ⎟⎜ ⎟⎜ ⎟−⎝ ⎠⎝ ⎠
, 

where ε is a lower bound. 
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16. Which of the following statement(s) about the t-distribution is(are) correct? 
 

The shape of the probability density function curve for a t-distribution is 
symmetric and bell-shaped like the normal distribution and has its peak at 0. 

 
The standard deviation of a t-distributed random variable becomes larger, as the 
degrees of freedom become larger. 

 
The t-distribution converges to the standard normal distribution as the degrees of 
freedom increase. 

 
 
17. An engineer wants to check if the results of an experiment support his theory. For 

this purpose, he made 10 measurements on the characteristic parameter relevant 
to his theory. Figure 1 shows the comparison between the cumulative distribution 
function of the parameter derived from his theory and the observed cumulative 
distribution function. 
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Figure 1: Comparison between the cumulative distribution function of the 

parameter derived from his theory and the observed cumulative 
distribution function. 

 
Answer the following questions 17.1 and 17.2 using the above information.  
 
17.1. The sample statistic for the Kolmogorov-Smirnov test is obtained from Figure 

1 as: 
 

0.11. 
 

0.23. 
 

25. 
 

47. 
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17.2. Using the Kolmogorov-Smirnov test the hypothesis that his theory is correct is: 
 

rejected at the 1% significance level. 
 

rejected at the 5% significance level. 
 

accepted (cannot be rejected) at the 5% significance level. 
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Part 2: „Exercise: Extreme value distribution and return period” (30 points)  
 
Assume that the annual maximum earthquake load effect X  follows the Gumbel 
distribution with the mean 210 /X N mmμ =  and the standard deviation 

23.0 /X N mmσ = . The cumulative distribution function of the Gumbel distribution and 
the relationships between the parameters of the distribution and the mean and the 
standard deviation are summarized in Table 1. Assume that the annual maxima of the 
earthquake load effect are independent. Answer the following questions. 
 

Table 1: Characteristics of the Gumbel distribution. 
 Gumbel distribution 

Cumulative distribution function ( )( )( ) exp exp ( )XF x x uα= − − −  

Moments 

0.5772
X uμ

α
= +  

6X
πσ

α
=  

 
1) Calculate the parameters u  and α  of the cumulative distribution function of 

the annual maximum earthquake load effect X . 
 

2) Calculate the probability that the earthquake load effect exceeds 220 /N mm  in 
one year. 
 

3) Calculate the magnitude of the earthquake load effect with 100-year return 
period. 
 

4) Calculate the cumulative distribution function of the 50-year maximum 
earthquake load effect. 
 

5) Calculate the probability that the earthquake load effect exceeds 220 /N mm  in 
50 years. 
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Table A.1:  Cumulative distribution function of the standard Normal distribution ( )zΦ . 

z z z z z

0 z
Probability density function of the standard normal random variable.
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Table A.2:  Quantile values of the Chi-square distribution q . 

 
 

F(q)

F(q)

q0

Probability density function of Chi-square distribution.

 
ν : Degrees of freedom.    
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Table A.3:  Critical values of the Kolmogorov-Smirnov test. 
 

n

40n  1.63/ n  1.52/ n  1.36/ n  1.22/ n 1.07/ n  
α : Significance level.                  
n : Sample size.                  
 


