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Final Exam

ADM 2303
COURSE TITLE: Statistics for Management
7.00-10.00pm, Dec 15, 2009
Professors:  Brand & Wright							Duration:  3 hours

FIRST NAME ..........................   LAST NAME ........................... Student #..................... Section ........
	
1.	Books and notes are not permitted.
2.	Calculators are permitted.
3.       Use the space provided on the question paper for rough work.
4.       Write your answer on the answer sheet showing your calculations and reasoning.



ANSWER 6 OUT OF THE 7 QUESTIONS.
NO MARKS WILL BE GIVEN FOR A 7TH ANSWER
	Statement of Academic Integrity
The School of Management does not condone academic fraud, an act by a student that may result in a false academic evaluation of that student or of another student. Without limiting the generality of this definition, academic fraud occurs when a student commits any of the following offences: plagiarism or cheating of any kind,  use of books, notes, mathematical tables, dictionaries or other study aid unless an explicit written note to the contrary appears on the exam, to have in his/her possession cameras, radios (radios with head sets), tape recorders, pagers, cell phones, or any other communication device which has not been previously authorized in writing. 
Statement to be signed by the student:
I have read the text on academic integrity and I pledge not to have committed or attempted to commit academic fraud in this examination.

Signed:______________________________________  
Note: a paper without that signed statement will not be graded and will receive a final exam grade of zero. 




QUESTION 1
[image: ]
Desertec is a project to supply 15% of Europe’s electric power from “Concentrating Solar Power”, CSP, systems in the Sahara Desert, linked to Europe via high voltage transmission lines. When construction begins, large number of mirrors will need to be delivered to each site to concentrate the suns rays. Suppose you are in charge of a construction site for a 200MW array, requiring 5000 mirrors to be delivered each week over a construction period of 2 years. The delivery company states that the average breakage rate of mirrors delivered to the site is 1 in every 100 mirrors. (i.e. the probability of receiving a broken mirror is 0.01.) They guarantee that the breakage rate will not exceed this amount.
USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET
(a) [30 marks] You take a random sample of 10 mirrors from the delivery trucks and find 1 broken mirror. What is the probability of finding 1 or more broken mirrors out of a sample of 10 if the probability of receiving a broken mirror is 0.01? 






(b) [20 marks] Do you think the delivery company is living up to their guarantee for the situation described in (a)? Give reasons for your answer.






(c) [30 marks] You take a random sample of 2000 mirrors from the delivery trucks and find 30 broken mirrors. What is the probability of finding 30 or more broken mirrors out of a sample of 2000 if the probability of receiving a broken mirror is 0.01? 






(d) [20 marks] Do you think the delivery company is living up to their guarantee for the situation described in (c)? Give reasons for your answer.



QUESTION 2
[image: ]Solar power plants in the Mojave Desert in California use over 900,000 mirrors to concentrate the sun’s rays and generate about 350 MW of electric power using steam turbines. Random wind gusts cause 8 mirrors to break per 24-hour day on average. 




 
USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET

(a) [30 marks] A mirror has just broken. What is the probability the next mirror will break sometime during the next 5 hours?






(b) [20 marks] A mirror has just broken. What is the probability the next mirror will break exactly 5 hours from now?





(c) [30 marks] A mirror has just broken. What is the probability that exactly 3 mirrors will break during the next 5 hours?








(d) [20 marks] The last mirror broke 2 hours ago. What is the probability the next mirror will break sometime during the next 3 hours?


QUESTION 3
[image: ]Trinus Pipes and Tubes, a small company in Barrie, Ontario, produces plastic pipes certified to meet the Canadian Standards Association C448 specification for use in geothermal systems.  As of February 2009, C448 is North America’s only standard for geothermal systems, and Trinus is one of only two companies receiving the certification for its pipes. Trinus provides 50 year warranties on its products against leakage so that the thickness of the pipe wall needs to be controlled carefully. Past records indicate that the thickness follows a Normal Distribution.
Suppose you take 40 randomly selected samples of one-inch diameter pipes coming off the production line. You divide them into 10 subgroups (samples) with 4 pipes in each subgroup (sample). You measure the thickness of the pipe walls, and get the following results in thousandths of an inch:
	Subgroup/sample # 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	pipe 1
	109
	94
	101
	110
	106
	102
	115
	92
	107
	110

	pipe 2
	96
	96
	95
	109
	96
	95
	119
	100
	106
	108

	pipe 3
	103
	104
	126
	96
	110
	97
	121
	98
	92
	110

	pipe 4
	111
	109
	91
	95
	103
	110
	109
	100
	107
	113

	
	
	
	
	
	
	
	
	
	
	

	x-bar (average of 4 pipes)
	104.8
	100.8
	103.3
	102.5
	103.8
	101
	116
	97.5
	103
	110.3

	R (range of 4 pipes)
	15
	15
	35
	15
	14
	15
	12
	8
	15
	5


USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET
(a) [30 marks] Calculate the upper and lower control limits for the x-bar chart from the data given above. Draw the corresponding lines on the chart on the answer sheet.




(b) [30 marks] Calculate the upper and lower control limits for the R chart from the data given above. Draw the corresponding lines on the chart on the answer sheet.


(c) [20 marks] Is the process in control? State your reasons clearly. 


(d) [20 marks] Is the process in controllable? State your reasons clearly. 


	n
	A2 
	A3 
	d2
	d3
	D3 
	D4 

	2 
	1.88 
	2.66 
	1.13
	0.853
	0 
	3.27 

	3 
	1.02 
	1.95 
	1.69
	0.888
	0 
	2.57 

	4 
	0.73 
	1.63 
	2.06
	0.880
	0 
	2.28 

	5 
	0.58 
	1.43 
	2.33
	0.864
	0 
	2.11 

	6 
	0.48 
	1.29 
	2.53
	0.848
	0 
	2.00 


Table of Shewhart Factors
QUESTION 4: Studies have suggested that banks refuse mortgage applications more frequently if the applicant belongs to a minority group (in what appears to be a form of discrimination).   To examine this issue further, a random sample of 20 banks has been selected and the percent of mortgage applications that where rejected has been determined for each bank.  This “Percent Rejected” has been determined for two groups of applicants: (1) labelled “Minority”, and (2) labelled “All Other”.
Box-plots are useful for making comparisons.  The left panel below shows the box-plot for group “All Other” but the one for group “Minority” is missing.
	Left Panel


	Right Panel: Data for Minority Group.
N = 20   

Stem & Leaf Diagram
Decimal point is 1 place to the right of the colon. E.g. 1 : 1 means 11.0
     1 : 1     
     2 : 13366 
     3 : 024689
     4 : 2357  
     5 : 016   
     6 : 2     



USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET
The following questions concern the Minority Group only.  Based on the “Minority” group (stem and leaf) data summary (see right panel above)
a) [30 marks] Determine the five number summary  (minimum, Q1, median, Q3, maximum)



b) [20 marks] Calculate the upper and lower fences for the box-plot for the Minority group,



c) [30 marks] Draw in the box-plot for the Minority group, using the graph on the answer sheet.



d) [20 marks] An audit suggests that the “Percent Rejection” values have been over-estimated by 5 percentage points (so that a “Percent Rejection” of 40% should now be 40%-5%=35%).  If you subtract 5 from the “Percent Rejection” reported by all 20 of the banks summarized above (right panel), what will be the change (if any) in the following statistics? 
i. IQR (Inter Quartile Range)
ii. Variance
iii. Median  
iv. Xbar (average)


QUESTION 5: A survey (using a simple random sample) examined the educational attainment of Canadians by age category.  Results are summarized in the contingency table below.  According to this table, the fraction of all those surveyed who are in the “25-44” age category and in the “high-school or less” category was 0.22.
USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET
a) [20 marks] Based on this information please complete the contingency table on answer sheet

	 
	25-44
	45-64
	>64
	Total

	High.Sch. or less
	0.22
	0.24
	
	0.62

	University or more
	
	
	
	

	Total
	0.46
	0.34
	
	1.00



Assume that these study results are representative of the entire pool of job applicants for a certain company.  
b) [20 marks] Is a randomly chosen applicant’s educational-attainment independent of age?  Give the reason for your answer.





c) [20 marks] Consider a randomly chosen applicant who falls in the “University or more” category.  What is the probability that this person is older than 64?





d) [20 marks] What is the probability that a randomly chosen applicant is either “25-44” or “University or more”?




e) [20 marks] You randomly select 5 candidates, what is the probability that at least 1 of these candidates is between the ages of 25 and 64?


QUESTION 6: The Federal government is exploring an incentive program for reducing car use in downtown areas.  They plan to reward cities for achieving reductions in car use. Under this program a random sample of cars will be obtained, and their daily km’s measured (using GPS technology).  
Our focus will be on the city of Toronto. Assume that the daily distance driven per car within the city of Toronto has a normal distribution, with a mean of 4km/(car-day) and a standard deviation of 1 km/(car-day). In Toronto a random sample of size 36 cars will be used and the sample mean will be calculated. 
USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET
a) [20 marks] What probability model (probability distribution) describes the set of possible sample mean estimates?
i. Type of probability model (probability distribution),

ii. Its expected value 

iii. Its standard deviation 

iv. Would the probability model for the set of possible sample mean estimates change if the probability model for daily km’s was a uniform distribution?  Briefly support your answer


b) [30 marks] Under the incentive program, a cut-off value, in units of km/(car-day), will be chosen.  If Toronto's sample mean is below that cut-off it will be awarded infrastructure funding.  The Federal government specifies that there should only be a 10% chance of meeting this cut-off (based on the current conditions).  Calculate the cut-off value for Toronto.


c) [15 marks] Give an answer to question 6(a) (i-iii) if your sample (n=36) actually represented 40% of the entire population of interest (as might happen if you were restricting attention to a rare vehicle-type), while the population retained the same expected value and standard deviation as the original population.


 The city of Toronto contends that electric-cars travel greater daily distances.  To test this assertion they have taken a random sample of electric cars and measured their daily kilometers.  The results are shown below (please note that the sample mean and sample standard deviation have been pre-calculated for you --- should you need them).
d)  [30 marks] If the population mean is indeed 4.0 km/(car-day), but the standard deviation of the population is unknown, what is the probability of having obtained a sample mean as high as, or higher than the one obtained below? 


e) [5 marks] Based on these results, do you agree with Toronto’s contention that electric cars travel greater distances than the more general population of cars (travelling within the downtown area). Explain your reason briefly.
	4.5, 2.6, 5.0, 4.8, 5.9, 4.8, 4.6, 4.8, 3.0, 6.7, 6.3, 5.4, 5.7, 4.3, 4.9, 2.5 (km/[car-day])
	Sample mean = 4.73 km/(car-day)
Sample stand. Dev. = 1.21 km/(car-day)



QUESTION 7:
As a commercial property real-estate broker your annual revenue stream depends on the number of properties sold.  The expected number of sales is 7 sales/year, but the number of sales varies, having a standard deviation of 2 sales/year.   Assume that the commission per sale is fixed at $20,000/sale (all dollar amounts are in Canadian dollars). Your annual costs are also variable; having an expected value of $20,000/year and a standard deviation of $5,000/year.  Your costs are correlated with the number of sales per year with a correlation coefficient of 0.3.     

USE THE SPACE BELOW FOR ROUGH WORK.
WRITE YOU FULL ANSWER (including calculation and reasoning) ON THE ANSWER SHEET

Compute the following for your net (before tax) revenue (= commission * sales  -  costs):

a) [15 marks] The expected value




b) [35 marks] the variance 





c) [15 marks] the coefficient of variation





d) [35 marks] If the $ amounts had to be expressed in US dollars (note 1CN$ = 0.9US$) what would be the new values for:-
a. Expected value
b. Variance
c. Coefficient of variation
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Within 6 hours deserts receive more energy from the sun

CSP collector areas
for electricity
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than humankind consumes within a year.

Dr. Gerhard Knies

The red square represents the total surface needed
to provide the worlds total electricity demand.

In reality numerous CSP-Plants will be spread in the deserts allaround the globe.
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