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“I can do everything through Him who gives me strength.”
-- Philippians 4:13
· Please show all your work!  No partial credit will be given for incorrect answers with no work shown.  Please draw a box around your final answer.

· Calculators are permitted, but no notes, text, laptops, or PDAs.  Cell phones should be muted and left in your pocket or bag.

· Total marks: 50
(1) Consider z-scores on a normal distribution.

(a) What is the z-score corresponding to an x value of 0.3413 on a standard normal distribution?
[1]
z = 0.3413
(b) What is the z-score corresponding to an x value of 0.34 on a normal distribution with a mean of -0.21 and a standard deviation of 2.2?
[1]
z = 0.25



(c) What percent of the area under the curve of the normal distribution in part (b) is to the left of x=0.34?
[2]
~59.87%



(2) Assume the wing area of a population of fruit flies is normally distributed with standard deviation 8.11 mm2.  Approximately 7% of the flies have an unusually small wing area of less than 150 mm2.  Estimate the average wing area.
[3]
z = 1.48,

mu = 150 + 1.48(8.11) =~ 162 mm2



(3) My nephew is 95cm tall, which is the 80th percentile for his age.  The 50th percentile height for his age is 92cm.  Assuming a normal distribution, what is the standard deviation for height at his age?
[3]
z = 0.84
sigma = (95-92)/0.84 = 3.57cm

(4) Based on data from the ACT in 2001, the average science reasoning test score was 21.0 with a standard deviation of 4.6.  Assume a normal distribution.

(a) What is the probability that a randomly selected student has a science reasoning ACT score of between 20 and 23?
[2]
z = -0.217, area =~ 8.71%
z = 0.434, area =~ 16.64%

Total area =~ 25.35%

(b) In a random class of 16 students, what is the probability that the class average science reasoning ACT score is between 20 and 26?
[4]
z = -0.87, area =~ 30.78% 
z = 4.35, area =~ 49.99%

Total area =~ 80.77%



(5) Whenever you buy candy for your significant other, he/she likes the flavour only one out of three times.  To be on the safe side, you buy 5 different flavours, and one of them you know to be his/her favourite.
(a) What is the probability that your significant other likes all five flavours?
[3]
P(4) = (1/3)4 =~ 1.23%



(b) What is the probability that your significant other likes more than half of the five flavours?
[4]
P(3) = 4(1/3)3(2/3)1 =~ 9.87%
P(2) = 6(1/3)2(2/3)2 =~ 29.62%

Total: P(4)+P(3)+P(2) =~ 40.74%





(6) The rate of survival to maturity for a population of egrets is 43%.  A private animal sanctuary has four egrets.

(a) What is the probability that exactly half of those four egrets survive to maturity?
[3]
P(2) = 6(0.43)2(0.57)2 =~ 36.04%




(b) What is the probability that at least half of the egrets survive to maturity?
[3]
P(3) = 4(0.43)3(0.57)1 =~ 18.12%
P(4) = 1(0.43)4 =~ 3.41%

Total: P(2)+P(3)+P(4) =~ 57.57%




(7) Use the information from the previous problem, but now consider a larger wildlife refuge that has 200 egrets.

(a) What is the expected (mean) number of egrets which will survive to maturity?
[1]
86


(b) What is the standard deviation of the binomial distribution representing the number of egrets which will survive to maturity?
[2]
~7


(c) Does a normal approximation to the binomial distribution make sense in this case?  Why or why not?
[2]
Yes; both np= 86> 5 and n(1-p)=114 > 5.


(d) What is the probability that at least half of the egrets survive to maturity?
[4]
z = (100-86)/7 = 2
area = 0.4772

 ~2.28%


(8) The diameters of Red Delicious apples in a certain orchard have mean 6.72cm and standard deviation 3.2cm.  The distribution of diameters is unknown.  Consider a batch of 144 apples.

(a) Consider the SDSM (sample distribution of sample means) of apple diameter for this batch.  Describe the mean, standard deviation, and shape of the SDSM.  We don’t know the shape of the original population distribution; why can we know the shape of the SDSM?
[3]
Mean = 6.72cm
Std dev = 3.2/12 =~ 0.267
The shape of the SDSM is approximately normal
by the Central Limit Theorem
because n is reasonably large

(b) If I pick a random apple from the batch, what is the probability that I’ll get an extra big one with diameter larger than 7.25cm?
[2]
z = (7.25-6.72)/3.2 =~ 0.166
area = 0.0675

Larger than 7.25cm: probability is 43.25%

(c) If we look at the whole batch of 144 apples, what is the probability that the average diameter of the batch is larger than 7.25cm?
[3]
z = (7.25-6.72)/0.267 =~1.99
area = 0.4767

Larger than 7.25: probability is 2.33%


(9) You need to purchase light bulbs for your company.  You’d like the bulbs to last at least 1200 hrs on average.  A manufacturer of light bulbs claims that its light bulbs have a mean lifetime of 1280 hrs and a standard deviation of 900 hrs, so you purchase a case of 100 bulbs.  What is the probability that the bulbs will meet your requirement of a mean lifetime of at least 1200 hrs?
[4]
SDSM std dev = 900/sqrt(100) = 90
 ~z = (1200-1280)/90 =~ -0.889
area = 0.3133

At least 1200 hours: 81.33%
