   Submit your solutions on separate paper.  Indicate your school name on each sheet.

   One solution set only is required from each team. 
   Part marks are awarded for partial or incorrect solutions.
   The steps to a solution can be omitted if you are confident your final answer is correct,

   however the steps will be used for part marks for incomplete or incorrect solutions.

   Marks may be deducted for poor mathematical form.
Group Problem Set #1
1.)
Using a table of areas under the standard normal curve find each of the following assuming all variables represent continuous data sets.
a) Find z if x = (125, μ = 105 and ( = 95 (correct to two decimal places).

b) Find μ if z = (2.12, x = 5000, and ( = 145.

c) Find ( if x = 
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, μ = 
[image: image2.wmf]23
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and z = (1.44 (correct to two decimal places).

2.)
There are 5000 bottles of water contained in a shipment. These bottles are advertised as containing 750 mL of water but in fact the average volume of water in this shipment is really 747 mL (i.e. the arithmetic mean) and the standard deviation is 3.2 mL.
a) How many of the bottles in this shipment actually have a volume of 750 mL or more?

b) How many of the bottles in this shipment have a volume less than 740 mL?

c) How many of the bottles in this shipment actually have a volume within 2 mL of the advertised volume?

3.)
Nipissing University plans to offer a new scholarship to the top 100 of its first-year students who have attained the highest average of their grade 12 subjects in high school. The analysis of past records indicate that the mean score for grade 12 averages of the students registered at Nipissing University is 86.4%, with a standard deviation of 4.2%. If there are 2125 first year students at Nipissing University, what was the minimum grade 12 average that is necessary to qualify for one of these scholarships?

4.)
A company manufactures refrigerators, each of which costs $400 to produce. Tests have shown that, on average, this type of refrigerator will last 42 months before it fails to operate properly. The variance for the expected operating time is 10 months. The company wants to offer a money-back guarantee (i.e. it will refund the full purchase price) for any of this type of refrigerator that does not function properly for at least 3 years. If the company wished to make a profit of $300 on each refrigerator it sells of this type, what selling price should it use if the cost of refunding the purchase price for these refrigerators is to be part of its selling costs (i.e. cost plus profit plus refund cost)?

5.) 
Measurements from a sample of 200 ball bearings made by a company during a production run showed a mean diameter of 0.824 mm and a standard deviation of 0.042 mm. Find a 99% confidence interval for the mean diameter of all of the ball bearings of that production run.

6.) 
The Always Ready Battery company claims that its batteries last longer than those produced by its rival company, Batteries R US. The mean length of operating time that the batteries sold by Batteries R US is advertised as 15 hours and 30 minutes. To support this claim, the Always Ready Battery company tests a sample of 600 batteries and find that the mean length of operating time is 15 hours and 34 minutes, with a standard deviation of 30 minutes. Can the Always Ready Battery company legitimately make the claim that its batteries last longer than those of Batteries R US? Assuming a 95% confidence interval, support your answer with a statistical analysis.

7.) 
In measuring the reaction time that people have to a certain stimulus, a psychologist estimates that the standard deviation is 0.05 seconds. How large a sample of subjects must the psychologist study to be 95% confident that the standard error for the mean of the population will not be greater than 0.01 seconds? How large a sample must be used for the psychologist to be 99.8% confident?

Solutions to Group Problem Set #1
Award Full Marks immediately if the answer is correct without examining the solution.

1.)
Using a table of areas under the standard normal curve find each of the following assuming all variables represent continuous data sets.

a) Find z if x = (125, μ = 105 and ( = 95 (correct to two decimal places).

b) Find μ if z = (2.12, x = 5000, and ( = 145.

c) Find ( if x = 
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, μ = 
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and z = (1.44 (correct to two decimal places).


(6 marks)

a)   
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(1 mark)
  z = (2.42
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(1 mark)
  μ = 5307.4 (or 5307  or  5310)

(1 mark)
c)   
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  ( = 2.82
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2.)
There are 5000 bottles of water contained in a shipment. These bottles are advertised as containing 750 mL of water but in fact the average volume of water in this shipment is really 747 mL (i.e. the arithmetic mean) and the standard deviation is 3.2 mL.

a) How many of the bottles in this shipment actually have a volume of 750 mL or more?

b) How many of the bottles in this shipment have a volume less than 740 mL?

c) How many of the bottles in this shipment actually have a volume within 2 mL of the advertised volume?

d) What is the actual volume of water actually contained in the 250 bottles with the lowest volume of water in this shipment?


(13 marks)

a) Let X represent the random set of volumes of the bottled water.   (No deduction if missing)   
μ = 747 mL, ( = 3.2 mL, x ( 750 (x > 750 also acceptable)

(1 mark)

P(x > 750) = 
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(1 mark)

P(z > 0.9375) = 1 – 0.82639 = 0.17361 or 17.361% 


(1 mark)

17.361% of 5000 is 868.1

Thus 868 bottles have a volume of 750 mL or more


(1 mark)
b) μ = 747 mL, ( = 3.2 mL, x ≤ 740 (x < 740 also acceptable)

(1 mark)

P(x < 740) = 
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(1 mark)

P(z < (2.1875) = 0.01426 or 1.426% 




(1 mark)

1.426% of 5000 is 71.3

Thus 71 bottles have a volume of 740 mL or less


(1 mark)
c) μ = 747 mL, ( = 3.2 mL, 748 ≤ x ≤ 752



(1 mark)

P(748 < x < 752) 
= 
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(2 marks)








      (1 mark for any failed attempt)


P(0.3125 < z <1.5625) = 0.44062 – 0.12172 or 31.890% 

(1 mark)

31.890% of 5000 is 1594.5

Thus 1595 bottles have a volume between 748 and 752 mL

(1 mark)
3.)
Nipissing University plans to offer a new scholarship to the top 100 of its first-year students who have attained the highest average of their grade 12 subjects in high school. The analysis of past records indicate that the mean score for grade 12 averages of the students registered at Nipissing University is 86.4%, with a standard deviation of 4.2%. If there are 2125 first year students at Nipissing University, what was the minimum grade 12 average that is necessary to qualify for one of these scholarships?


(5 marks)

Let X represent the random set of grade 12 marks.

   (No deduction if missing)   
100 students out of 2125 students is 0.04706 or 4.706%  (or can also say 2025 out of 2125 is 95.294% to obtain the 0.95294 in the line below)

 

(1 mark)
Thus the top 100 students correspond to 1 – 0.04706 = 0.95294

(1 mark)
From the table, 0.95294 corresponds z = 1.67 


 
(1 mark)
μ = 86.4, ( = 4.2, z = 1.67  (i.e. find x)




(1 mark)

From  
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(1 mark)
Thus a student must obtain a grade 12 average of at least 93.4% to qualify for the scholarship.

4.)
A company manufactures refrigerators, each of which costs $400 to produce. Tests have shown that, on average, this type of refrigerator will last 42 months before it fails to operate properly. The variance for the expected operating time is 10 months. The company wants to offer a money-back guarantee (i.e. it will refund the full purchase price) for any of this type of refrigerator that does not function properly for at least 3 years. If the company wished to make a profit of $300 on each refrigerator it sells of this type, what selling price should it use if the cost of refunding the purchase price for these refrigerators is to be part of its selling costs (i.e. cost plus profit plus refund cost)?


(7 marks)


Since the variance is 10 months, the standard deviation is 3.162 months
(1 mark)
μ = 42 months, ( = 3.162 months, x ≤ 36 months



(1 mark)

P(x ≤ 36) = 
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(1 mark)
P(z < (1.8974) = 0.02872 or 2.872% 




(1 mark)
Thus 2.872% of the refrigerators will need the purchase price refunded
(1 mark)
The selling price must be ($400 + $300)((1 – 0.02872) = $720.70

(2 marks)








      (1 mark for any failed attempt)

The company should charge $720.70 (approximately) for each refrigerator.


5.) 
Measurements from a sample of 200 ball bearings made by a company during a production run showed a mean diameter of 0.824 mm and a standard deviation of 0.042 mm. Find a 99% confidence interval for the mean diameter of all of the ball bearings of that production run.

(4 marks)

Let X represent the random set of diameters of ball bearings.      (No deduction if missing)   
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(1 mark)
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(1 mark for any failed attempt)


The confidence interval for the ball bearings is between 0.816 and 0.832 mm     (1 mark)
6.) 
The Always Ready Battery company claims that its batteries last longer than those produced by its rival company, Batteries R US. The mean length of operating time that the batteries sold by Batteries R US is advertised as 15 hours and 30 minutes. To support this claim, the Always Ready Battery company tests a sample of 600 batteries and find that the mean length of operating time is 15 hours and 34 minutes, with a standard deviation of 30 minutes. Can the Always Ready Battery company legitimately make the claim that its batteries last longer than those of Batteries R US? Assuming a 95% confidence interval, support your answer with a statistical analysis.

(4 marks)

Let X represent the random set of lengths of operating times.      (No deduction if missing)   
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= 15 h, 34 min = 934 min (or 15.5667 h), 
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(1 mark)
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(2 marks)








(1 mark for any failed attempt)


The lower bound for the confidence interval is 934 – 2.4 = 931.6 minutes or 15 hours and 31.6 minutes and this is more than the mean for the lifetime for Batteries R US. Thus the Always Ready Battery company can rightfully claim that their batteries last longer than those of Batteries R US.








(1 mark)
7.) 
In measuring the reaction time that people have to a certain stimulus, a psychologist estimates that the standard deviation is 0.05 seconds. How large a sample of subjects must the psychologist study to be 95% confident that the standard error for the mean of the population will not be greater than 0.01 seconds? How large a sample must be used for the psychologist to be 99.8% confident?


(9 marks)


The 95% confidence limits are 
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(1 mark)

Taking ( = 0.05 seconds we require that 1.96
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(1 mark)

This gives:  
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 = 1.96
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(1 mark)

Thus n = 9.82 = 96.04
and the sample size must be 97 subjects.

(2 marks)








(1 mark if they don’t round up)


For 99.8% confidence limits, zc = 3.09  (from table). 



(2 marks)
(this value has not been given to the students – they must use 0.999 in the body of the table, i.e. 100% ( 0.2%(2  -  allow 1 mark for any incorrect value they find)


This time we have that 3.09
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This gives:  
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(1 mark)

Thus n = 15.452 = 238.7  and the sample size must be 239 subjects

(1 mark)
Quick Mark Summary For This problem Set:

1. 6 Marks

2. 13 Marks

3. 5 Marks

4. 7 Marks

5. 4 Marks

6. 4 Marks

7. 9 Marks

Total Possible Marks for Problems Set #1 is 48
Indicate Total Team Score Only on Board Summary in Contest Room
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