
STATISTICS 

Lab5  
 

Warsaw School of Economics  

Winter Semester 2017 

Limit theorems 
and sampling distributions 

based on J.T. Mc Clave, P.G. Benson,T. Sincich: Statistics for Business and Economics, 11th 
Edition, 2010  



De-Moivre-Laplace limit theorem 

 
 

• Where X has a binomial distribution  
 

• When n is large (n>=100) it is difficult to calculate the 
probabilities of the binomial random variable 
 

• It was shown that in this situation we can use normal 
probability distribution with parameters       and  
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This issue was proved by de-Moivre and Laplace and is called 
now  de Moivre-Laplace limit theorem 



Linderberg-Levy (Central)  

Limit Theorem 
Consider a random sample of n observations selected from a population 

which is not normally distributed or its distribution is unknown 
 

Then, when n is sufficiently large (n≥100), the sampling distribution of     
will be approximately a normal with mean     and standard deviation   

 

 

 
 

 
The larger the sample size, the better will be the normal approximation to 

the sampling distribution of   
 

This issue was proved by Linderberg and Levy and now is called 
Linderberg-Levy Limit Theorem 
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Sampling distribution of a mean 

Population 
distribution 

Population standard 
deviation 

Sample size Sample statistic 

normal known any 
 
 

normal 
unknown 
 

>=30 

normal unknown < 30 

 
 
 
 

any known >=100 
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Sampling distribution of a sum 

Population 
distribution 

Population standard 
deviation 

Sample size Sample statistic 

normal known any 
 
 

normal 
unknown 
 

>=30 

any known >=100 
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Sampling distribution of a proportion 

• So we learnt that if n (n>=100 ) is large and X has a binomial 
distribution we can use a normal approximation for X: 
 

   
 

• Similarly we can derive a distribution for a sample proportion: 
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Aproximating the binomial distribution with a normal distribution 
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Exercise 1 
De-Moivre-Laplace limit theorem 

According to the insurance company calculations probability of stealing a car in Wąchock in 

one year period amounts to 5%.  

1) Consider 5 owners of the cars (ex. neighbors). What is the probability that one of their 

5 cars will be stolen during a year? 

2) Consider the parking with 30 cars. What is the probability that none of the cars will be 

stolen during a year?  

3) According to the insurance company databases 200 citizens of that town have bought 

anty-theft insurances for their cars. What is the distribution of the possible number of 

loses? What is the expected number of loses? What is the standard deviation of the 

number of loses? 

4) Using the normal approximation calculate the probability that the percentage observed 

by this insurance company in Wąchock will be lower than 4%? Compare the results 

with the calculated exact results. 

5) Suppose that the same probability of loses is observed for the whole portfolio of 

insurances in that company (n=100 000). What is the probability that the observed 

percentage of customers with loses will be higher than 5.2%? 



Exercise 2 – Central Limit Theorem 

The sum of goods bought by each of the customers of Carrefour supermarket is an unknown 

random variable with expected value EX=150 PLN and DX=90 PLN.  

1) What is the probability that the total value of shopping expenditures of 100 clients will 

be higher than 18 000 PLN? 

2) What is the probability that the average expenditure of 120 clients will be between 135 

and 145 PLN? 



Exercise 3 
Sampling distributions of mean 

Customers of a popular bar had some doubts about the honesty of a barman, who serves 0,5l 

pints of beer. One day the group of students decided to check if the barman are honest by 

trying a sample of beers. They were also aware that there is usually a margin of error 

(sometimes randomly a bit more or less beer than 0,5 l is in the glass). and they wanted to 

know the probability of random mistakes of an honest barman. 

1) Suppose that the amount of beer in the glass filled by an honest barman has normal 

distribution N( 0,5 ; 0,05). What is the probability that in the sample of 16 beers the 

observed average will be lower than 0,48 ?  

2) Suppose that the amount of beer in the glass filled by an honest barman has normal 

distribution with expected value 0,5. What is the probability that in the sample of 16 

beers the observed average will be lower than 0,48 if the standard deviation observed 

in this sample was equal to 0,05 ?  

3) Suppose that we don’t know the distribution of amounts of beer filled by an honest 

barman but we know the expected value EX= 0,5 and standard deviation in the 

population DX=0,05. What is the probability that in the sample of 120 beers average 

amount in the glass will be below 0,49 l.  

 



Exercise 4 

Source: J.T. Mc Clave, P.G. Benson,T. Sincich:  Statistics for Business and Economics, 9th 
Edition, 2005 



Exercise 5 

Source: J.T. Mc Clave, P.G. Benson,T. Sincich:  Statistics for Business and Economics, 9th 
Edition, 2005 



Exercise 6 

Researchers in a Massachusetts Institute of Technology are 
experimenting with melatonin, a hormone which might 
alleviate negative consequences of a jet lag. In order to test 
their hypothesis they selected a sample of 100 volunteers, 
gave them a dosage of melantonin, placed in a dark room 
at midday and told to close their eyes for 30 minutes. The 
researchers measured the time elapsed before each 
volunteer fall asleep and they found that the mean was 9 
minutes. 

The previous research suggests that with a placebo (no 
hormone) the mean time to fall asleep is 15 minutes with a 
standard deviation 10 minutes. If melatonin is effective it 
should be very unlikely that the sample mean is 9 or less. Is 
melatonin effective? 

 
Source: J.T. Mc Clave, P.G. Benson,T. Sincich:  Statistics for Business and Economics, 9th 
Edition, 2005 



Exercise 5 

Source: J.T. Mc Clave, P.G. Benson,T. Sincich:  Statistics for Business and Economics, 9th 
Edition, 2005 



Exercise 6 

Source: J.T. Mc Clave, P.G. Benson,T. Sincich:  Statistics for Business and Economics, 9th 
Edition, 2005 



Exercise 7 

Source: J.T. Mc Clave, P.G. Benson,T. 
Sincich:  Statistics for Business and 
Economics, 9th Edition, 2005 



Exercise 8 

Source: J.T. Mc Clave, P.G. Benson,T. 
Sincich:  Statistics for Business and 
Economics, 9th Edition, 2005 


