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1.
(a) Write down the conditions under which the Poisson distribution can be used as an approximation to the binomial distribution.

(2)

The probability of any one letter being delivered to the wrong house is 0.01.

On a randomly selected day Peter delivers 1000 letters.

(b) 
Using a Poisson approximation, find the probability that Peter delivers at least 4 letters to the wrong house.


Give your answer to 4 decimal places.

(3)

2.
The number of defects per metre in a roll of cloth has a Poisson distribution with mean 0.25.

Find the probability that

(a) 
a randomly chosen metre of cloth has 1 defect,

(2)

(b) 
the total number of defects in a randomly chosen 6 metre length of cloth is more than 2.

(3)

A tailor buys 300 metres of cloth.

(c) 
Using a suitable approximation find the probability that the tailor’s cloth will contain less than 90 defects.

(5)

3.
A random variable X has the distribution B(12, p).

(a) 
Given that p = 0.25, find


(i) 
P(X < 5),


(ii) 
P(X  ( 7).

(3)

(b) 
Given that P(X = 0) = 0.05, find the value of p to 3 decimal places.

(3)

(c) 
Given that the variance of X is 1.92, find the possible values of p.

(4)


4.
The number of houses sold by an estate agent follows a Poisson distribution, with a mean of 2 per week.

(a) 
Find the probability that in the next four weeks the estate agent sells


(i)
exactly 3 houses,


(ii)
more than 5 houses.

(5)

The estate agent monitors sales in periods of 4 weeks.

(b) 
Find the probability that in the next twelve of those 4 week periods there are exactly nine periods in which more than 5 houses are sold.

(3)

The estate agent will receive a bonus if he sells more than 25 houses in the next 10 weeks.

(c) 
Use a suitable approximation to estimate the probability that the estate agent receives a bonus.

(6)

5.
An administrator makes errors in her typing randomly at a rate of 3 errors every 1000 words.

(a) 
In a document of 2000 words find the probability that the administrator makes 4 or more errors.

(3)

The administrator is given an 8000 word report to type and she is told that the report will only be accepted if there are 20 or fewer errors.

(b) 
Use a suitable approximation to calculate the probability that the report is accepted.

(7)

6.
A call centre agent handles telephone calls at a rate of 18 per hour.

(a) Give two reasons to support the use of a Poisson distribution as a suitable model for the number of calls per hour handled by the agent.

(2)

(b) 
Find the probability that in any randomly selected 15 minute interval the agent handles


(i) 
exactly 5 calls,


(ii) 
more than 8 calls.

(5)

The agent received some training to increase the number of calls handled per hour. During a randomly selected 30 minute interval after the training the agent handles 14 calls.

(c) Test, at the 5% level of significance, whether or not there is evidence to support the suggestion that the rate at which the agent handles calls has increased. State your hypotheses clearly.

(6)
________________________________________________________________________________
7.
The queuing time in minutes, X, of a customer at a post office is modelled by the probability density function
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[image: image1.wmf]î

í

ì

£

£

-

otherwise

0

9

0

)

81

(

2

x

x

kx


(a) 
Show that k = 
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(3)

Using integration, find

(b) 
the mean queuing time of a customer,

(4)

(c) 
the probability that a customer will queue for more than 5 minutes.

(3)

Three independent customers shop at the post office.

(d) 
Find the probability that at least 2 of the customers queue for more than 5 minutes.

(3)

________________________________________________________________________________
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Examiner reports
Question 1

This question was accessible to the majority of candidates, with many gaining full marks. Responses to part (a) reflected some misunderstanding in interpreting the question. This was shown by candidates who gave a list of ‘conditions for a Poisson distribution to be used’ rather than how the Poisson could be used ‘as an approximation to the binomial distribution’. Common errors seen in part (a) included n > 30, p < 0.5 and p is low. Part (b) was generally well answered and a high proportion of candidates correctly used Po (10) as the approximation to B(1000, 0.01). Common errors usually involved interpretation of inequalities e.g. using P(X ≥ 4) = 1 – P(X ≤ 4) or 1 – P(X ≤ 5), or finding P(X ≤ 3).

Question 2

This was a relatively straightforward question, for which many candidates were awarded full marks.

In part (a), nearly all candidates correctly identified the Poisson distribution, and were generally able to accurately use its probability function However, although a small minority were able to write down a correct expression for P(X = 1), they were unable to accurately evaluate it on their calculators.

The responses to part (b) were usually correct, with the main errors being writing P(X > 2) as 1 – P( X ≤ 1) instead of 1 – P(X ≤ 2) and reading the tables incorrectly.

The normal approximation to a Poisson distribution was familiar to virtually all candidates in part (c). The main errors were:

(i) standardising with 90.5 or 90 instead of 89.5, causing a loss of 3 marks;

(ii) using an incorrect value of 56.25 for the variance.

Question 3

Part (a)(i) again tested candidates’ ability to handle inequalities which they often found challenging. This was shown by incorrect answers such as P(X ≤ 5) = 0.9456 or those finding 1 – P(X ≤ 5). Part (b) challenged a significant number of candidates although the majority who attempted this question were able to state (1 – p)12 = 0.05. The final solution to this part, however, often proved beyond the ability of many candidates. Successful candidates were adept at finding roots using calculators or using logs to get the solution whereas those less successful made several attempts before admitting defeat. 

Common errors seen involved using a mix of common and natural logs or having written correctly log(1 – p) = 
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 then not being able to write an expression for ‘1 – p = …...’. A high proportion of candidates answered part (c) confidently and successfully, with the majority of candidates gaining at least one mark for writing Variance = 12p(1 – p) or for 12pq = 1.92 and attempting to solve their quadratic. Errors were quite often due to writing/using the quadratic formula incorrectly due to errors in basic arithmetical calculations.

Question 4

A high proportion of the candidates attempted all parts of this question successfully. Those less successful in part (a) either used Po(2) instead of Po(8), or used Po(8) but found the answer, using Poisson tables, to P(X ≤ 3) instead of P(X = 3). A common error seen in part (a)(ii) was to write and use P(X > 5) = 1 – P(X ≤ 4). 

In part (b) many candidates were able to find P(Y = 9) using their answer to (a)(ii) but, for a small minority, incorrect calculations included calculating (0.8088)9 or using Po(λ) with λ = 8, 9 or 24. Overall, many exemplary answers were evident for the solution to part (c) reflecting sound preparation on this topic. Marks were lost occasionally for using an incorrect, or no, continuity correction or for finding an incorrect area. 

Question 5

Part (a) was answered well with the majority of candidates gaining full marks.

Part (b) was also a good source of marks for a large majority of the candidates. Common errors included using 23.9…for variance and 19.5 instead of 20.5. A sizeable minority of candidates used 21.5 after applying the continuity correction.  A few candidates had correct working up to the very end when they failed to find the correct probability by not subtracting the tables’ probability from 1.

Question 6

Part(a) was done well generally although a reference to ‘calls’ was not made by a few candidates. Weak candidates talked about the Poisson needing large numbers and others seemed to not understand what was required at all; writing ‘quick and easy’. Part (b) was done correctly by the majority of candidates. A few did not use Po(4.5) in (i) and a number used P(X > 8) = 1 – P(X ≤ 7) in (ii).In part (c) weaker candidates did not use λ for their hypotheses nor did they use Po(9). Some hypotheses had λ = 3.5 and  λ ≥ 3.5. Two tail tests were often suggested. Most candidates got to 0.0739 and only a few candidates used the critical value route. Only the able candidates got the interpretation of the significance test correct. Weak candidates generally only considered whether it was significant or not, with mixed success. They rarely managed to interpret correctly in context.

Question 7
Many competent and exemplary responses were seen here showing that candidates were well prepared for this type of question and a high percentage gained full marks on parts (a) to (c). In part (a) the majority of candidates realised that they had to find F(X) with only a small minority neglecting to put the integral = 1. 

Common errors in part (b) included writing 
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 or when multiplying xf(x) making the very basic error of omitting to multiply the second term by x. In part (c) the most common error when using 
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was to use a lower limit of 6 rather than 5. A small minority of candidates who used P(X > 5) = 1 ( P(X ≤ 5) found P(X ≤ 5) then forgot to find 1 ( P(X ≤ 5). 

Part (d) was perhaps the most challenging part of a question in the paper. There were many exemplary responses but also a high proportion of incorrect attempts at using the binomial. The most common error was to swap the p and 1 – p over. Candidates who used a ‘common sense’ approach and listed the possibilities were generally successful. 
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