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Introduction
The purpose of this lab was to interpolate and extrapolate contents of new steels, predict and test relationships, calculate different statistics and compare the results with the fitted equations. There are 9 data samples for different steel types. The statistics calculated are the coefficient of determination, the correlation coefficient. Other statistics are generated from the graphs created.
Materials and Methods
The formulas used are taken from lecture notes in ECOR 1010. The scatter plot graphs and summary output were created using Microsoft Excel. Most calculations were done in Microsoft Excel, the others were done by hand. The outline of tables 1, 2 and 3 are from the ECOR 1010 lab 6 outline.  
Results
The best-fit linear relationship for the strengths of the steels as a function of their carbon content was determined to be, y = 345.65x + 272.66, as shown in graph 1. 345.65 is the slope and 272.66 is the intercept. The correlation coefficient calculated was, 0.955893. The coefficient of determination calculated was, 0.9382. Since the coefficient of determination is close to 1, this means that percentage variation in y is little. Since the variation in y is small, the correlation coefficient is close to 1 because x and y are almost moving in unison as a simple linear regression. Excel’s calculated correlation coefficient and coefficient of determination are, 0.9686 and 0.9381, which only have a difference of 0.012707 and 0.0001. Excel’s data analysis capability determined the best-fit slope, intercept and coefficient of determination to be 361.3457, 267.6951 and 0.938191. The slope and intercept have about a 16 and 5 difference and the coefficient has very minimal difference between excel and the calculate coefficient of determination. The 95% confidence limits for the determined slope and intercept for the regression are, lower 95% ; 223.8897 and upper 95% ; 311.5004. The linear equation and R^2 value is, y = 345.65x + 272.66 and 0.9137. The third order equation and R^2 value is, y = -1200.8x3 + 1665.4x2 - 254.39x + 325.54 and R² = 0.9659. The sixth order equation and R^2 value is, y = -304,675.1922x6 + 938,234.4278x5 - 1,128,884.7362x4 + 672,326.0876x3 - 206,800.1854x2 + 31,269.0334x - 1,489.9460 and R² = 0.9943. The 0.33 wt% (interpolation) determined for linear, third degree and sixth degree are, 386.7, 379.8 and 360.3. The 1.0 wt% (extrapolation) determined for linear, third degree and sixth degree are, 621.7, 530.2 and 560.3. The calculations to determine these values and relationships are in the calculations done in the appendices, all other information is in the tables and summary chart.


Conclusions
	The sixth order regression, not the linear relationship as was suggested,  best describes the relationship between steel strength and carbon content since it’s predicted strengths were the closest to the measured strengths. The values and relationships calculated were very close to the ones excel calculated using it’s functions. 


APPENDIces- Figures and Tables
Table 2: Linear Model Calculations
	Steel Type
	Carbon Content (weight %)
	Strength (MPa)
	

	

	

	

	

	
Predicted Strengths 
	

	


	1015
	0.15
	315
	 -0.3077
	 0.0947
	-118.1
	 328.0
	 36.35
	 324.5
	 11317
	 90.39

	1020
	0.2
	330
	 -0.2577
	 0.0664
	-103.1
	 3586
	 26.58
	341.8 
	 7938
	 139.0

	1022
	0.22
	358
	-0.2377
	 0.0565
	-75.11
	 2488
	 17.86
	348.7
	 6754
	 86.43

	1030
	0.3
	345
	 -0.1577
	 0.0248
	-88.11
	 23070
	 13.90
	376.4
	 2973
	 983.1

	1040
	0.4
	415
	 -0.0577
	 0.0033
	-18.11
	 19849
	 1.046
	410.92
	 398.8
	 16.64

	1050
	0.5
	493
	 0.04222
	 0.0017
	 59.88
	 13950
	 2.528
	445.4
	 213.0
	 2258

	1060
	0.6
	483
	 0.14222
	 0.0202
	 49.88
	 10631
	 7.095
	480.0
	 2416
	 8.702

	1080
	0.8
	585
	 0.34222
	 0.1171
	 151.9
	 5641.6
	 51.98
	549.18
	 13992
	 1283

	1095
	0.95
	500+*
	 0.49222
	0.2422
	 140.9
	 7763.5
	 69.34
	601.0
	 28947
	 730.5


Table 1.

Table 2.
* This value is 500 + the last two digits of your student number.
	Number of data
	9
	Slope
	361.3

	
 
	0.6273
	Intercept
	267.7

	

	82030.8
	Correlation Coefficient
	0.9686


	

	226.6
	Coefficient of Determination
	0.9381

	
 
	0.4577

	
 
	433.1


	
 
	0.2800

	
 
	104.5

	TSS
	87310.8

	SSR
	81914.2

	SSE
	5396.6




	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.968602
	
	
	
	
	
	
	

	R Square
	0.938191
	
	
	
	
	
	
	

	Adjusted R Square
	0.929361
	
	
	
	
	
	
	

	Standard Error
	27.76594
	
	
	
	
	
	
	

	Observations
	9
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	81914.26
	81914.26
	106.2514
	1.75E-05
	
	
	

	Residual
	7
	5396.633
	770.9475
	
	
	
	
	

	Total
	8
	87310.89
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 90.0%
	Upper 90.0%

	Intercept
	267.6951
	18.52529
	14.45025
	1.81E-06
	223.8897
	311.5004
	232.5975
	302.7927

	X Variable 1
	361.3457
	35.05545
	10.30783
	1.75E-05
	278.4527
	444.2387
	294.9304
	427.761



Graph 1. 

Y = mx+b
y = 345.65x + 272.66
slope = m = 345.65
intercept = b = 272.66
R^2 = 0.9137
Graph 2. 

y = -1200.8x3 + 1665.4x2 - 254.39x + 325.54
R² = 0.9659
Graph 3.




Table 3.
	Carbon Content
(%)
	Measured Strength
(MPa)
	Predicted Strength
(Linear)
	Predicted Strength
(Polynomial Degree=3)
	Predicted Strength
(Polynomial Degree=6)

	0.15
	315
	324.5
	319.3
	312.8


	0.2
	330
	341.8
	332.0
	344.0


	0.22
	358
	348.7
	338.2
	343.5


	0.3
	345
	376.4
	368.2
	345.4


	0.4
	415
	410.9
	413.9
	418.6


	0.5
	493
	445.5
	463.4
	489.3


	0.6
	483
	480.0
	510.8
	484.6


	0.8
	585
	549.2
	576.0
	584.8


	0.95
	554
	601.0
	576.2
	584.8


	 value for the regression
	0.9137
	0.9659
	0.9943

	Interpolation: 0.33
	-
	386.7
	379.8
	360.3

	Extrapolation: 1.00
	-
	621.7
	530.2
	560.3






































Carbon Content (Weight %) = x
Strength (Mpa) = y

Calculations of x listed In order of Steel Grade:			
	1015

	     1020

	 1022

	1030

	1040

	1050

	1060

	1080

	1095



(x-x̄) = 
0.15-0.457778 = -0.30778
0.2-0.457778 = -0.25778
0.22-0.457778 = -0.23778
0.3-0.457778 = -0.15778
0.4-0.457778 = -0.05778
0.5-0.457778 = 0.042222
0.6-0.457778 = 0.142222
0.8-0.457778 = 0.342222
0.95-0.457778 = 0.492222
Sum = 4.12

(mean of x) x̄ = ( Σ xi ) / n  = 4.12/9 = 0.457778 

Calculations of y listed in order of Strength (Mpa):
	315

	330

	358

	345

	415

	493

	483

	585

	554



 (y-ȳ) = 
315-430.8889= -115.889
330-430.8889= -100.889
358-430.8889= -72.8889
345-430.8889= -85.8889
415-430.8889= -15.8889
493-430.8889= 62.11111
483-430.8889= 52.11111
585-430.8889= 154.1111
554-430.8889= 123.1111
Sum = 3878.0001
(mean of y) ȳ = ( Σ xi ) / n  = 3878.0001/9 = 430.8889


(x- x̄)(y- ȳ) = 
-0.30778 * -115.889= 35.66802
-0.25778 * -100.889= 26.00691
-0.23778 * -72.8889= 17.33136
-0.15778 * -85.8889= 13.55136
-0.05778 * -15.8889= 0.918025
0.042222 * 62.11111= 2.622469
0.142222 * 52.11111= 7.411358
0.342222 * 154.1111= 52.74025
0.492222 * 123.1111= 60.59802
Sum  = 216.8478

(x- x̄)^2 = 
0.492222^2 = 0.242282497284
0.342222^2 = 0.117115897284
0.142222^2 = 0.020227097284
0.042222^2 = 0.001782697284
0.05778^2 = 0.0033385284
0.15778^2 = 0.0248945284
0.23778^2 = 0.0565393284
0.25778^2 = 0.0664505284
0.30778^2 = 0.0947285284
Sum = 0.627312

(standard deviation of x) sx = sqrt((xi – x̄)^2)/(N-1) = sqrt(0.627312)/8 = 0.280035

(y- ȳ)^2 = 
-118.111^2 = 13430.23457
-103.111^2 = 10178.5679
-75.1111^2 = 5312.790123
-88.1111^2 = 7376.901235
-18.1111^2 = 252.4567901
59.88889^2 = 3857.790123
49.88889^2 =2715.567901
151.8889^2 = 23750.23457
140.8889^2 = 15156.34568
 Sum = 82030.88889

(standard deviation of y) sy = sqrt((yi-ȳ)^2)/(N-1) = sqrt(82030.88889)/8 = 101.2614


Correlation coefficient  =  (x- x̄)(y- ȳ)/(n-1)sx*sy = 226.6922/(8*0.280035*101.2614) = 0.955893

Coefficient of determination = r^2 = SSR/TSS

TSS = ∑ (yi− ȳ )^2 = 87310.89

SSE = (y-yhat)^2 =
315 - 324.5075 = -9.5075^2 = 90.39255625
330 - 341.79 = -11.79^2 = 139.0041
358 - 348.703 = 9.297^2 = 86.434209
345 - 376.355 = -31.355^2 = 983.136025
415 - 410.92 = 4.08^2 = 16.6464
493 - 445.485 = 47.515^2 = 2257.675225
483 - 480.05 = 2.95^2 = 8.7025
585 - 549.18 = 35.82^2 = 1283.0724
574 - 601.0275 = -27.0275^2 = 730.48575625
Sum = 5396.633

SSR = (yhat - ȳ)^2 =
324.5075 - 430.8889 = 106.3814^2 = 11317.00226596
341.79 - 430.8889 = 89.0989^2 = 7938.61398121
348.703 - 430.8889 = 82.1859^2 = 6754.52215881
376.355 - 430.8889 = 54.5339^2 = 2973.94624921
410.92 - 430.8889 = 19.9689^2 = 398.75696721
445.485 - 430.8889 = -14.5961^2 = 213.04613521
480.05 - 430.8889 = -49.1611^2 = 2416.81375321
549.18 - 430.8889 = -118.2911^2 = 13992.78433921
601.0275 - 430.8889 = 170.1386^2 = 28947.14320996
Sum =  81914.26

Coefficient of determination = SSR/TSS = 81914.26 / 87310.89 = 0.93819064265637425068052793872563
 
Interpolation: 0.33 = 

Linear : y = 345.65(0.33) + 272.66 = 386.7

Third degree : y = -1200.8(0.33)3 + 1665.4(0.33)2 - 254.39(0.33) + 325.54 = 379.8

Sixth degree : y = -304,675.1922(0.33)6 + 938,234.4278(0.33)5 - 1,128,884.7362(0.33)4 + 672,326.0876(0.33)3 - 206,800.1854(0.33)2 + 31,269.0334(0.33) - 1,489.9460 = 360.3

Extrapolation 1.01 = 

Linear : y = 345.65(1.01) + 272.66 = 621.7

Third degree : y = -1200.8(1.01)3 + 1665.4(1.01)2 - 254.39(1.01) + 325.54 = 530.2

Sixth degree : y = -304,675.1922(1.01)6 + 938,234.4278(1.01)5 - 1,128,884.7362(1.01)4 + 672,326.0876(1.01)3 - 206,800.1854(1.01)2 + 31,269.0334(1.01)- 1,489.9460 = 560.3


	

	



Strength vs Carbon Weight Plot (linear) - Noah Dionne
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Strength vs Carbon Weight Plot (Third Degree) - Noah Dionne
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Strength vs Carbon Weight Plot (Sixth Order) - Noah Dionne

0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	493	483	585	554	





3

oleObject2.bin

image3.wmf
y

y

-


oleObject3.bin

image4.wmf
2

(

)

y

y

-


oleObject4.bin

image5.wmf
)(

(

)

xy

x

y

-

-


oleObject5.bin

image6.wmf
ˆ

ymxb

=+


oleObject6.bin

image7.wmf
2

(

ˆ

)

yy

-


oleObject7.bin

image8.wmf
2

(

ˆ

)

y

y

-


oleObject8.bin

image9.wmf
2

1

()

n

i

i

x

x

=

-

å


oleObject9.bin

image10.wmf
2

1

()

n

i

i

y

y

=

-

å


oleObject10.bin

image11.wmf
1

()()

n

ii

i

x

xy

y

=

--

å


oleObject11.bin

image12.wmf
x


oleObject12.bin

image13.wmf
y


oleObject13.bin

image14.wmf
x

s


oleObject14.bin

image15.wmf
y

s


oleObject15.bin

image1.wmf
x

x

-


oleObject1.bin

image2.wmf
2

(

)

x

x

-


