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Question 1
A router is used to cut locating notches on a printed circuit board. The vibration level at the surface of the board as it cut is considered to be a major source of dimensional variation: bit size (A) and cutting speed (B). Two bit sizes ( and) and two speeds (40 and 90 rpm) are selected, and four boards are cut at each set of conditions shown below. The response variable is vibration measured as the resultant vector of three accelerometers (x, y, and z) on each test circuit board.
	
A        B
	Treatment
combination
	Replicates

	
	
	I
	II
	III
	IV

	-         -                (1)
	18.2
	18.9
	12.9
	14.4

	+        -                 a
	27.2
	24.0
	22.4
	22.5

	-        +                 b
	15.7
	14.7
	15.1
	14.2

	+        -                 c
	41.0
	43.9
	36.3
	39.9



a) Analyze the data from the this experiment
b) Construct a normal probability plot of the residuals and plot the residuals versus the predicted vibration level. Interpret these plot
Question 2
An experiment was performed to improve the yield of a chemical process. Four factors were selected, and two replicates of a completely randomized experiment were run. The results are shown in the following table:
	Treatment Combination
	Replicates

	
	I
	II

	(1)
	90
	93

	a
	74
	78

	b
	81
	85

	ab
	83
	80

	c
	77
	78

	ac
	81
	80

	bc
	88
	82

	abc
	73
	70

	d
	98
	95

	ad
	72
	76

	bd
	87
	83

	abd
	85
	86

	cd
	99
	90

	acd
	79
	75

	bcd
	87
	84

	abcd
	80
	80



a) Estimate the factor effects. Which factor effects appear to be large?
b) Prepare an analysis of variance table and determine which factors are important in explaining yield.
c) Analyze the residuals from this experiment.
Question 3
A bacteriologist is interested in the effects of two different culture media and two different times on the growth of a particular virus. He or she performs six replicates of a 22 design, making the runs in random order. Analyze the bacterial growth data that follow and draw appropriate conclusions. Analyze the residuals.
					Culture Medium
Time(h)			1				2		
			21		22		25		26
12			23		28		24		25
			20		26		29		27
			37		39		31		34
18			38		38		29		33	
			35		36		30		35


