
Problem Set # 5 

(No need to submit) 

 

1. Observations on the yield of a chemical reaction taken at various temperatures were 

 recorded as follows: 

Y (%) T (oC) Y (%) T (oC) 
77.4 150 88.9 250 
76.7 150 89.2 250 
78.2 150 89.7 250 
84.1 200 94.8 300 
84.5 200 94.7 300 
83.7 200 95.9 300 

 
 Fit the above data to a linear model of the form: Ý = a + b T 

 

2. A chemical engineer is investigating the effect of two process variables (Temperature 

and feed rate) on the drying rate of a process. The engineer decides to run a 22 design 

with three center points.  
 
 The engineer wants to fit a multiple linear regression model for predicting the drying 

rate. Determine the least square estimates of the coefficients (ηi, i = 0, 1, 2, 3) in the 

model  

      2132211  ˆ xxxxo ηηηηκ +++=  

 The design and the resulting yields are as follows: 

 
Run 

No. 

Temperature (oC) 

x1 

Feed rate (kg/min) 

x2 

Drying rate 

κ 

1 100 15 32 

2 140 15 46 

3 100 25 27 

4 140 25 35 

5 120 20 29 



6 120 20 33 

7 120 20 31 

3.  The water level in the North Sea is mainly determined by the so-called M2-tide whose 

period is about 12 hours and thus has the form  

       [ ] [ ]H t h a ao
t t( ) sin cos= + +1

2
12 2

2
12

π π ;   t in hours. 

 One has made the following measurements: 

t 0 2 4 6 8 10 hours 

H(t) 1.0 1.6 1.4 0.6 0.2 0.8 meters 

 

 Fit H(t) to the series of measurements using the method of least squares. 
 
 
4. The growth rate expression for a biochemical reaction using a substrate inhibition 

model is given by 

              
2

1

max

xkxmk

x

++
= µµ  

where µ is the specific growth rate, k1,  km and µmax are parameters, and x is the 

substrate concentration. Determine the parameters k1, km and µmax for the following 

data from a particular reactor. 

 
µ, hr-1 0.24 0.27 0.34 0.35 0.35 0.34 0.33 0.22 

x, g/liter 0.10 0.15 0.25 0.50 0.75 1.00 1.50 3.00 

 

 

5. Nitrogen and Oxygen have the atomic weights N = 14 and O = 16. Use the molecular 

weights of the six nitrogen oxides given below to compute the atomic weights for 

nitrogen and oxygen to four decimal places. 
 

NO 30.006 N2O 44.013 NO2 46.006 

N2O3 76.012 N2O5 108.010 N2O4 92.011 
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We want to fit the above data to a linear model of the form, 

bTaY +=ˆ  

21
ˆ βφαφ +=Y  

Where, T== 21 ,1 φφ  

The two equations are 

∑ >=<>< kiki Y φαφφ ,ˆ,   , for 2,1=k  
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 >=<><+>< 2222121 ,ˆ,, φαφφαφφ Y  , for k = 2 
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No. x1 x2 κ  x3 

1 100 15 32 1500 

2 140 15 46 2100 

3 100 25 27 2500 

4 1400 25 35 3500 

5 120 20 29 2400 

6 120 20 33 2400 

7 120 20 31 2400 
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No. 1z  2z  3z  κ  

1 -1 -1 -1 32 

2 1 -1 -0.4 46 

3 -1 1 0 27 

4 1 1 1 35 

5 0 0 -0.1 29 

6 0 0 -0.1 33 

7 0 0 -0.1 31 
 

To find 3210 ,,, ηηηη  we have to solve, 
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Q 5. 

2211 φαφα +=M  

where,  M = molecular weight 

 1α  = atomic weight of nitrogen 

 2α  = atomic weight of oxygen 



 1φ  = number of atoms of nitrogen 

 2φ  = number of atoms of oxygen 

 )( 20 Nφ  )( 21 Oφ  M 

NO 1 1 30.006 

N2O3 2 3 76.012 
N2O 2 1 44.013 
N2O5 2 5 108.010 
NO2 1 2 46.006 
N2O4 2 4 92.011 
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To find a and b, we have 
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