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Homework 1.   SOLUTION                             STAT 305A   Fall 2008   DUE Tuesday  9/3   
*** NOTE: Throughout this course, ALL homework solutions should follow the following format:

· For EACH PART of EACH PROBLEM the statement of that part of the problem must be GIVEN, and it must be followed IMMEDIATELY by your solution to it.

· The problems should be typed and sufficiently self-explanatory so that someone unfamiliar with the problem can understand them. For this purpose, it is suggested that you download the assignment from the course website, and then augment each part, as necessary (e.g. if from the book, copy the problem statement in the book) in this document.

· The solution of a part need NOT be typed. However, if it is hand-written, and if the grader feels that it is not sufficiently legible, the grader may choose to not grade it (i.e. give it zero points).

· If the grader feels that an answer is not sufficiently supported by development of the same, the grader is free to deduct points in accordance with the lack of perceived development.

· A problem set may or may NOT be collected at the assigned due date. If it is not collected on the due date, then it should be brought to every class thereafter, in the event that it is asked to be turned in. Furthermore, be prepared to stand before the class and explain your solutions. Such explanations will be graded as part of the class participation component of your grade.

PROBLEM 1. (30 pts) In relation to 4. On p.23: [Copy the problem statement and insert it HERE.] Two students purchased 8 bushings. Each of them measured the diameters of the bushings. The results are given below.
	Bushing

Student
	1
	2
	3
	4
	5
	6
	7
	8

	A
	.3690
	.3690
	.3690
	.3700
	.3695
	.3700
	.3695
	.3690

	B
	.3690
	.3695
	.3695
	.3695
	.3695
	.3700
	.3700
	.3690


4. (a) (5 pts) What type of data are given here? Explain. Numerical data that can be viewed as univariate if one ignores the distinction between students, or bivariate if one is focused on that distinction.
4. (b) (10 pts) What is the measurement precision? Explain. The precision is .0005”. No explanation needed.
4. (c) (10 pts) Suppose that instead of measuring 8 different bearings, the measurements had corresponded to the repeated measurement of a single bearing whose diameter was known to be 0.3695 in.2. Which student’s measurement accuracy do you believe is better? Explain. The sample means for students A and B are .3694 and .3695, respectively. Hence, Student B’s accuracy is only slightly better (by .0001).
4. (d) (5 pts) Each of student A’s 8 numbers in the table was obtained by performing an action. Describe each of those actions. In doing so, be sure to include the set of possible values that the measured number came from. The actions of student A are 
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, where, for example, XA1 is the act of student A measuring the diameter of bushing #1.
[NOTE: In the above problem, each part explicitly asks for an explanation. In future problems, even though an explanation may not be explicitly asked for, you should give an explanation. Otherwise the grader may feel that you merely guessed an answer, and consequently give you no credit for it.]

PROBLEM 2. 10. on p.24. (20 pts) Give an example of a 2 x 3 full (i.e. complete?) factorial data structure that might arise in a student study of the breaking strengths of wooden dowels. (Name the two factors involved, their levels, and write out all 6 different combinations.) Then make up a data collection form for the study. Plan to record both the breaking strength and whether the break was clean or splintered, supposing that 3 dowels of each type are to be tested.
(a) (10 pts) Make a data collection form as requested in the problem statement. I will choose factor A= Wood Type (0= pine and 1=oak) and  factor B= moisture content (low=-1, acceptable=0 and high =1). Hence, for each dowel to be tested, two numbers must be entered in the appropriate box: X1= record breaking strength, and X2=record 0 (clean) or 1 (splintered). Since 3 dowels at each condition are to be tested, the table below will ultimately have 3 ordered pairs in each box.
	Wood    \   Moisture 

Type        \  Content
	-1 (low)
	0 (acceptable)
	1 (high)

	0 (pine)
	( _ , _ )   ( _ , _ )   ( _ , _ )
	( _ , _ )   ( _ , _ )   ( _ , _ )
	( _ , _ )   ( _ , _ )   ( _ , _ )

	1 (oak)
	( _ , _ )   ( _ , _ )   ( _ , _ )
	( _ , _ )   ( _ , _ )   ( _ , _ )
	( _ , _ )   ( _ , _ )   ( _ , _ )


(b) (10 pts) Give ‘names’ (i.e. mathematical symbols) to the actions that will fill in the blank spaces of your form.  These were given above in words. In mathematical notation we can use a variety of notations. One would be (X1 a b k , X2 a b k) for a in the set {0 1} (wood type, b in the set {-1 0 1} (moisture level) , k in the set {1 2 3} dowel sample number, and the 1 versus 2 first subscript refers to the breaking strength and type of break, respectively.
PROBLEM 3. 11. on p.24 (20 pts) You are interested in the life-length characteristics of a hydro-static transmission. Important identified quantities include (1) piston hardness, (2) piston diameter, (3) piston surface roughness, (4) bore hardness, (5) bore diameter, and (6) bore surface roughness.
Describe, in general terms, an observational study to try to determine how to improve the life. For each of M (to be determined) transmissions, I would make measurements of the above 6 quantities prior to running the transmission to failure. I would record the time to failure. After collecting all the data, I would focus on long-time failures and try to determine what traits they have in common in relation to the above 6 quantities.

Describe an experimental study, and explain why it might be preferable. Were I to try to accommodate all 6 factors with even as few as 2 levels of each, I would have a 26 factor analysis. This entails 64 different conditions. To run even 5 transmissions to failure at each condition would result in a total of 320 transmission tests. This would be impractical, in my opinion. Hence, since I am NOT trying to determine the causes of EARLY failure; but rather am trying to EXTEND the life of currently acceptable transmissions, I would begin by focusing only on two quantities: the bore hardness, and the initial piston/bore clearance. For hardness, I would have two levels: current specified hardness and significantly harder. For the piston/bore clearance I would have two levels: current specified clearance and larger clearance. I would choose ‘larger clearance’ since, in the existing situation, having a softer bore along with lower clearance will result is a larger and more desirable clearance after the bore wears a bit. Since a harder bore will not wear as quickly, I will create that larger clearance by design (as opposed to by wear). Clearly, the experimental study is preferred, in that it allows for control of variables to better determine the influences of only a few at a time. However, clearly it would be also much more expensive.
PROBLEM 4. (30 pts) You are planning a 400 mile trip in your vehicle, which has an EPA highway rating of 20 mpg at 60 mph. Suppose that terrain and wind conditions are such that your actual mpg (measured to the nearest integer value) can range between 17 and 23 mpg. Furthermore, suppose that when you begin the trip, the actual amount of gasoline in your tank (measured to the nearest 0.1 gal.) can range between 19.5 and 20 gallons. 

(a) (10 pts) Compute the set of possible distances that your vehicle can achieve, based on the above information. Let X1=the act of recording prior trip mpg’s, and X2= the act of measuring the initial amount of gas in the tank. Since the sample space for X1 is SX1={17 18 19 20 21 22 23}, and that of X2 is SX2={19.5 19.6 19.7 19.8 19.9 20}, it follows that the act of computing associated distance traveled, Y, has the sample space with 7 x 6 = 42 numbers in it, where each number is the product of a number in SX! times a number in SX2. The range of this sample space is 331.5 miles to 460 miles. The possible distances are computed in the following Matlab commands:
>> x1=[17;18;19;20;21;22;23];

>> x2=[19.5 19.6 19.7 19.8 19.9 20];
>> Sy=x1*x2

Sy =

  331.5000  333.2000  334.9000  336.6000  338.3000  340.0000

  351.0000  352.8000  354.6000  356.4000  358.2000  360.0000

  370.5000  372.4000  374.3000  376.2000  378.1000  380.0000

  390.0000  392.0000  394.0000  396.0000  398.0000  400.0000

  409.5000  411.6000  413.7000  415.8000  417.9000  420.0000

  429.0000  431.2000  433.4000  435.6000  437.8000  440.0000

  448.5000  450.8000  453.1000  455.4000  457.7000  460.0000

(b) (10 pts) If each element of your set in (a) were equally likely, compute the probability that you would make it to your destination on a single tank of gas. Of the 42 possible distances shown above, 19 have a value greater than or equal to 400 miles. Hence, if each distance has the same probability of occurring, the probability of reaching the destination on a single tank is 19/42 = 0.4524, or about 45%.
(c) (10 pts) Using mathematical symbols, describe the sequence of actions involved in estimating your vehicle’s mileage between fill-ups. To estimate the mpg between fill-ups we need the distance traveled and the amount of gas used. Thus, two random variables are required: measurement of the trip odometer, and measurement of the gallons purchased. Call these W1 and W2, respectively. Then the estimator of the mpg is W1/W2.
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