MATHEMATICS   

SUPPORT CENTRE

Title:    The Normal Distribution: further exercises
Target:  On completion of this worksheet you should be able to solve 
             simple problems using Normal Tables in reverse. 


Before using this sheet make sure have covered the work shown in the other 2 sheets.

When doing any question involving  
the Normal Distribution always  
draw a small sketch first.


Example:

The IQ’s of a group students are normally distributed with a mean of 100, and a standard deviation of 12. 

What is the lowest IQ of the top 30% of the students?  Call this IQ   x.

First draw a simple diagram. The area marked by lines will need to be 30%.
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To find the value of Z for which the shaded area is 30% we need to look at the numbers in the standard Normal table.  
The nearest to 30% is 0.3015  which is along the row Z = 0.5 and under the column Z = 0.02, so Z = 0·52 

Z = (value given-mean)/standard deviation

       0·52   =   ( x- 100 )  / 12

   12 X 0·52 =     x - 100

       6·24   =     x - 100

           x    =  106·24
The lowest IQ of the top 30% of the students is 106 (to 3 figures).
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Z       .00          .01        .02         .03         .04  

0.0   0.5000   0.4960   0.4920   0.4880   0.4840   

0.1   0.4602   0.4562   0.4522   0.4483   0.4443

0.2   0.4207   0.4168   0.4129   0.4090   0.4052

0.3   0.3821   0.3783   0.3745   0.3707   0.3669

0.4   0.3446   0.3409   0.3372   0.3336   0.3300

0.5   0.3085   0.3050   0.3015   0.2981   0.2946

0.6   0.2743   0.2709   0.2676   0.2643   0.2611

0.7   0.2420   0.2389   0.2358   0.2327   0.2296

0.8   0.2119   0.2090   0.2061   0.2033   0.2005

0.9   0.1841   0.1814   0.1788   0.1762   0.1736

1.0   0.1587   0.1562   0.1539   0.1515   0.1492

This is only a small extract of the tables.


Exercise

1. The blood pressure of adult males is 
    normally distributed with a mean of 
    125mm/hg and a standard deviation of 8.  

a) What is the minimum blood pressure of 
     the 50% with the highest blood   
     pressures?

b) What is the minimum blood pressure of 
     the 30% with the highest blood    
     pressures?

c) What is the maximum blood pressure of  
     the 30% with the lowest blood  
     pressures? 
d). What is the minimum blood pressure of  
     the 20% with the highest blood  
     pressures? 

Answers : (a) 125mm/Hg (b) 129·16mm/Hg  (c) 120·84mm/Hg  (d) 131·8mm/Hg

2. In a statistics test the marks were 
   normally distributed with a mean of 68% 
   and a standard deviation of 10%.

a) What was the minimum mark of the top 
    45% of students?

b) The top 15% of students are to receive 
    a special prize. What is the least mark 
    for a prizewinner?

c) What mark did the bottom 20% of  
    students fall below?

3. The time taken to complete a test is 
    normally distributed with a mean of 
    5 minutes and standard deviation of 1 
    minute.

a) How long did the slowest 15% take to 
    complete the test?

b) How quick were the quickest 37%?

4. The salaries of workers at Hardywork plc 
    are normally distributed with a mean of 
    £20 000 and standard deviation of 
    £5 000 . What is the minimum salary of     
    the highest earning 70%?

Answers:  2a) 69%  (b) 78%  (c) 60%

                3a)  6·04 mins  (b) 4·67 mins

                4  £17 400


Example:

The weights of a packet of biscuits are
normally distributed with a standard deviation of 0·5g. 
   

The packing machine can be set to any given mean weight.

What must the mean be set at if 85%% of packets must weigh more than 500g?

First draw the diagram.
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The shaded area is 85% so the unshaded tail area is 15%.  

This is the area we look up in the table to find the value of Z.   
The nearest to 15% is 0.1492   for which 

Z = -1.04  (negative because the area is on the left) 

Z = (value given-mean)/standard deviation

         -1·04   =   (500 - M)  / 0·5

  - 1·04 X 0·5 =   500 - M
          - 0·52   =  500 - M
             M    =  500 + 0·52 = 500·52g

The mean should be set at 500·52g
    

Exercise.

1. What should the mean be set at in the previous example, if 80% of packets of biscuits must weigh more than 500g?

2. A machine packs small stones into bags for use in gardens.  The standard deviation is 0·5kg.  The mean fill of the bags can be set to any value.  What should it be set at so that 70% of bags weigh at least 26kg?

3.  The marks of a group of students are normally distributed with a standard deviation of 10.  If 42% of the students gained 67 marks or more out of 100, what was the mean mark? 

4. It is known that the salaries of 
employees at ABC plc are normally 
distributed with a standard deviation of 
£10 000.  If 70% of employees have a 
salary of at least £20 000, what is the mean salary of all employes?

Answers: 1)    500·42g    2)  25·74kg 

               3) 65               4) £25 200      


NB All these questions have been set so that only the small extract of the Normal tables, given on the other side of this sheet, has been used. 
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