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1. (a) Using the method of least squares fit a straight line to the following data. What are the least 
squares estimates of the slope and intercept of the line? 

 
   X  10  20  30  40  50  60 
   Y 2.7 3.6 5.2 6.1 6.0 4.9 
 
 (b) Calculate 99% confidence intervals for the slope and intercept. 
 (c) Comment on the data and analysis, and carry out any further analysis you think is appropriate. 
 
2. You have been asked to calibrate the “Inspector”, an instrument used for in-situ measurement of 

photoresist thickness. You are given three reference wafers known to have exact resist thicknesses 
of 12,050Å, 13,580Å and 11,030Å. Using a purely randomized sequence, you have collected the 
following data from the new instrument: 

 
Reference Used Reading Obtained 
12,050 12,000 
11,030 11,090 
12,050 12,145 
13,580 13,810 
11,030 10,900 
13,580 13,950 

 
 Do a complete regression analysis to answer the following: What is the best model that describes 

this instrument? (Consider straight lines only - is there any “lack of fit”?). Is a non-zero intercept 
necessary? Would it be OK if while using this instrument in the future you simply used the readings 
without any correction? Explain. Estimate the standard error of the instrument.  

 
3. An experimenter intended to perform a full 23 factorial design, but two values were lost as follows: 
 
   x1 x2 x3  y 
   -1 -1 -1  3 
   +1 -1 -1  5 
   -1 +1 -1  4 
   +1 +1 -1  6 
   -1 -1 +1  3 
   +1 -1 +1  data missing 
   -1 +1 +1  data missing 
   +1 +1 +1  6 



 We now want to estimate the parameters in the model 
 
  η = βο + β1x1 + β2x2 + β3 x3  
 
 With the data above, is this possible? Explain your answer. If your answer is “yes”, set up the 

equation(s) that you would want to solve. If your answer is “no”, what is the minimum amount of 
additional information that would be required? 

 
4. In regression modeling problems, the residual mean square is often used to estimate the natural 

variance of the experimental error σ2. There are circumstances, however, in which it can produce 
(a) a serious underestimate of σ2 or (b) a serious overestimate of σ2. Can you give examples of such 
circumstances? 

 
5. Suppose data is collected on deposition rate (x1) and uniformity (x2) for a CVD process. 

The covariance matrix is: 
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(a) What is the first principal component, and what percentage of the total variation does it 
account for?  

(b) Repeat (a) if ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

80440
4408000

Σ . 

 
 
 
 


