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Question 1 [20 Marks]  

If the dynamics of a crude oil spreading system is described by the expression given in Equation 

(1), where d is the distance of spread, α and β are model constants, and the time-series data 

generated from the experiments carried out on the system are as given in Table 1, estimate the 

values of α and β,  

(a) manually,  

(b) with the aid of Microsoft Excel using the regression tool,  

(c) with the aid of MATLAB using the regress command, and  

(d) in each of the cases (a) to (c), estimate the values of the (i) correlation coefficient (R), (ii) 

square of the correlation coefficient (R2), and  

(e) comment on the results obtained in (d).   

d = αβt (1)   

Table 1. Time-series data of the system 

t (hr) d (m) 

0 2 

1 5 

2 19 

3 50 

4 151 

5 470 

6 1435 

7 4512 

8 12936 

9 41125 

10 111021 

 

NB: To use the data in MATLAB, they should be read from a Microsoft Excel file and not by 

copy and paste 

SOLUTION  

A. MANUAL SOLUTION 

 d=αβt  

lnd = lnα + t*lnβ 

where  

lnd = y 

lnα = intersect = a0 

lnβ = slope =a1 

t = x 
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hence, lnd = lnα + t*lnβ becomes: 

y = a0 + a1x 

∑ 𝑦 = a0N + a1 ∑ 𝑥  

∑ 𝑥𝑦 = a0∑ 𝑥  + a1 ∑ 𝑥2  

t = x D Lnd = y Lnd2 tlnd t2 

0 2 0.69315 0.48045 0.00000 0 

1 5 1.60944 2.59029 1.60944 1 

2 19 2.94444 8.66972 5.88888 4 

3 50 3.91202 15.30392 11.73607 9 

4 151 5.01728 25.17310 20.06912 16 

5 470 6.15273 37.85612 30.76366 25 

6 1435 7.26892 52.83720 43.61352 36 

7 4512 8.41450 70.80374 58.90147 49 

8 12936 9.46777 89.63866 75.74216 64 

9 41125 10.62437 112.87727 95.61934 81 

10 111021 11.61747 134.96572 116.17475 100 

∑ 𝑥 = 55 ∑ 𝑑 = 171726 

 

∑ 𝑦 = 67.72209 

 
∑ 𝑦2 =551.19619 

∑ 𝑥𝑦 = 
460.11840 

 

∑ 𝑥2 = 385 

 

 

67.722099= a011 + a1 55 …………1 

460.11840 = a055 + a1 385………..2 

From equation (1); a0 = (67.722099 − a1 55) /11 

By substituting a0 = (67.722099 − a1 55) /11 into equation (2) 

460.11840 = ((67.722099 − a1 55) /11) ∗ 55 + a1 385 

460.11840 = 338.610495 − a1 275 + a1 385 

121.507905 = 110 a1 

a1 = 121.507905/110 = 1.104617 

a0 = (67.722099 − (1.104617)* 55) /11 = 0.633469 

therefore, the constants α and β are:  

lnα = intersect = a0 = 0.633469 

α = exp(0.633469) = 1.88414  

lnβ = slope =a1 = 1.104617 

β = exp(1.104617) = 3.01807 

i. The correlation coefficient R is: 

R = 
𝑁 ∑ 𝑥𝑦 −(∑ 𝑥)(∑ 𝑦)

√((𝑁 ∑ 𝑥2−(∑ 𝑥) 
2

)(𝑁 ∑ 𝑦2−(∑ 𝑦) 
2

))
 



INAIBO E. ISAIAH 16/ENG04/026 ENG382 ASSIGNMENT 6 ELECT/ELECT ENGINEERING 

R = 
11∗460.11840−(55)(67.72209)

√((11∗385−552)(11∗551.19619−67.722092))
 = 0.99985 

ii. The square of the correlation coefficient R is:  

R2 = (0.99985)2 = 0.99970 

 

 

B. Solution with the aid of Microsoft Excel using the regression tool 
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C. Solution with the aid of MATLAB using the regress command, and 
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(e) comment on the results obtained in (d).   

The correlation coefficient (R) is 0.99984, meaning there is a strong positive correlation or 

relationship between the time t values and the distance of spread values. 

Also, the R square value is 0.99969, meaning the model strongly related the data it is 

representing. 

 

 
 

 

 


