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1.Abstract:
	Ultrasonic non-destructive testing (NDT) is a dependable experimental method for characterising materials. This study suggests a method for measuring wave attenuation quantitatively utilising a contact ultrasonic transducer for non-destructive testing. In this we have taken samples of two solid materials which are rectangular block and Brake disc and by using the formulas we have calculated the Attenuation coefficient values for the taken readings from the experiment. On the other part it discusses about the Linear regression and statistical analysis of the performance of the individual technician’s performance and the equipment performance. This has done by calculating the linear regression graphs and then finding out the normal distribution curve by calculating the mean, standard deviation and plotting the graphs.
2.Apparatus:
2.1. Attenuation coefficient for rectangular block and Brake disc
	Figure 1. Digital Ultrasonic Flaw Detector
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	Figure 2.Rectangular Block
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	Figure 3.Brake disc
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Figure 4. Probes
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	Figure 5. Vernier Callipers
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	Figure 6. Ultrasound Couplant gel
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2.2. sizing accuracy of the individual technicians through Linear regression and Statistical analysis.
	Defect
	true size
	Op1
	Op2
	Op3
	Op4
	Op5
	Op6
	Op7
	Op8
	Op9
	Op10

	A
	0.25
	0.50
	0.50
	0.00
	1.00
	0.00
	0.50
	0.50
	0.80
	1.00
	0.30

	B
	0.27
	0.73
	1.20
	0.50
	1.00
	0.00
	1.00
	0.50
	0.80
	1.00
	1.20

	C
	0.28
	0.76
	1.00
	1.20
	1.00
	0.00
	0.50
	0.50
	1.30
	1.00
	0.70

	D
	0.40
	0.91
	0.50
	1.00
	1.20
	1.00
	1.00
	0.60
	1.50
	1.00
	0.80

	E
	0.40
	0.98
	1.20
	1.00
	1.40
	1.00
	1.10
	0.20
	1.60
	1.00
	0.90

	F
	0.50
	0.79
	0.90
	1.00
	1.10
	1.00
	0.80
	0.00
	1.00
	1.20
	0.50

	G
	0.52
	1.01
	1.50
	1.10
	0.90
	1.50
	1.00
	1.00
	0.90
	1.00
	0.70

	H
	0.55
	0.96
	1.20
	0.80
	0.50
	0.90
	1.20
	1.30
	1.60
	1.00
	0.40

	I
	0.70
	1.35
	1.50
	0.90
	2.00
	1.60
	1.20
	1.60
	2.20
	1.00
	1.00

	J
	0.98
	1.31
	1.00
	0.80
	1.90
	2.00
	1.60
	0.50
	1.80
	1.00
	1.40

	K
	1.12
	1.37
	0.50
	1.00
	1.00
	1.80
	1.80
	1.80
	2.00
	1.50
	1.30

	L
	1.15
	1.56
	1.80
	1.30
	2.20
	1.00
	1.50
	1.80
	2.00
	1.50
	1.20

	M
	1.10
	1.60
	2.00
	1.40
	2.00
	1.60
	1.50
	0.50
	2.20
	2.00
	1.60

	N
	1.30
	1.73
	2.10
	0.90
	2.20
	2.00
	2.00
	1.70
	2.00
	1.50
	1.70

	O
	1.60
	1.56
	0.80
	0.90
	2.00
	2.00
	1.50
	1.20
	2.00
	2.00
	1.50

	P
	1.80
	2.14
	2.00
	1.40
	2.40
	2.00
	3.20
	2.20
	2.50
	2.50
	1.10

	Q
	2.10
	2.49
	1.80
	2.30
	3.50
	2.50
	3.00
	2.00
	3.20
	2.00
	2.60

	R
	2.70
	2.97
	3.00
	3.20
	2.80
	2.50
	3.50
	2.50
	3.50
	3.50
	2.20

	S
	4.90
	4.87
	4.50
	4.50
	5.70
	4.50
	4.40
	4.20
	5.40
	5.50
	5.50

	T
	6.00
	6.17
	5.50
	6.20
	7.00
	6.50
	5.50
	5.30
	6.70
	6.50
	6.00

	U
	7.50
	6.99
	6.00
	6.25
	8.00
	7.20
	6.50
	6.50
	6.90
	8.00
	6.50


	Figure 7: Defect Measurements of True size and Operator
3.Introduction:
3.1. Attenuation coefficient for rectangular block and Brake disc by Ultrasonic flaw detector
	The attenuation coefficient, also known as the ultrasound attenuation coefficient, is a measurement of how easily a material may be pierced by an incident energy beam. Flaw detection is the oldest and most popular industrial ultrasonic testing application. Simple structured mechanical vibrations, whether they are moving through a solid, liquid, or gas, are what constitute sound waves. When these waves reach a boundary with another medium, they will be reflected or transmitted in accordance with clear-cut principles. These waves will move through a given medium at a specific speed or velocity and in a predictable direction. Every sound wave has an oscillation at a particular frequency, or number of vibrations or cycles per second, which humans perceive as pitch in the typical audible sound spectrum. Sound energy does not efficiently move through air or other gases at megahertz frequencies, but it does so freely through the majority of liquids and typical engineering materials. The density and elastic qualities of the medium that a sound wave travels through have an impact on the speed of the wave. A wavelength is the separation between any two corresponding points in a wave cycle as it moves through a medium and is assigned to any kind of wave.
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			Figure8: Attenuation coefficient graph (Source: Google)
3.2. sizing accuracy of the individual technicians through Linear regression and Statistical analysis.
	By applying a linear equation to the observed data, linear regression can be used to determine the relationship between two variables. There are two different kinds of variables; the first is referred to as an independent variable, and the second is a dependent variable. Predictive analysis often uses linear regression. Regression's main goal is to look at two things. First, can an outcome (dependent) variable be accurately predicted using a collection of predictor variables? Which variables significantly predict the outcome variable is the second item on the list. The idea of the linear regression equation, its formula, and the properties of linear regression will all be covered in this article.
	Because the normal distribution is symmetrical on both sides of the mean and is a continuous probability distribution, the right side of the centre is the opposite of the left side. Probability is represented by the area under the normal distribution curve, and the total area under the curve equals one. In a normal distribution, the majority of continuous data values tend to cluster around the mean, and the more away from the mean a value is, the less probable it is to occur. The tails approach but never quite touch the horizon because they are asymptotic. The apex of the curve, which is a visual representation of the mean, median, and mode for a completely normal distribution, will have the same value. Because the probability density graph of the normal distribution resembles a bell, it is frequently referred to as the bell curve. In honour of the German mathematician Carl Gauss, who initially characterised it, it is often referred to as the Gaussian distribution.
4.Procedure:	
4.1. Attenuation coefficient for rectangular block and Brake disc by Ultrasonic flaw detector
	Electrical waves are transformed by a transducer into high-frequency sound waves that travel throughout the test object. When sound waves come into contact with a break in their course, they reflect back to the receiver, where they are changed into electrical waves and shown on an oscillator display. To preserve the smooth propagation of sound waves, a couplant gel is used. By examining the graph that is shown on the oscillator display, UT made it feasible to find thickness, cracks, and other problems.
4.2. sizing accuracy of the individual technicians through Linear regression and Statistical analysis.
	A statistical strategy or technique called linear regression is used to examine the relationship between two continuous quantitative variables. This method involves predicting the value of a dependent variable using independent variables. Simple linear regression occurs when there is just one independent variable; multiple linear regression occurs when there are numerous independent variables. Through the process of fitting a linear equation to the observed data, linear regression models establish a link between dependent and independent variables. The term "linear" describes the way we fit our data using a line. The response or predicted variables used in regression analysis are also known as the dependent variables, while the explanatory factors or predictors are also known as the independent variables. The least-squares method, which minimises the sum of squares of departure of data points from the line, is typically used in linear regression to choose the best fit line for observed data.
	We have a dataset of a few people who have used the equipment, along with information about the features of their performance. Select the X and Y columns of the dataset, along with their headings, first. Select the scatter thumbnail option from the insert and expand options for scatter charts. With the scatter plot now visible, we can add a regression line to it by right clicking any data point and choosing add Trendline. Choose the R-squared equation, which is the coefficient of determination used as a measure of the goodness of fit, and the Display equation on the chart options. It ranges from 0 to 1. After linear regression, a normal distribution curve must be drawn, Calculate the standard deviation after determining the mean for the errors between true size and the operator. The curve will be steeper and less likely to spread out the less the standard deviation is, and vice versa. Find Range values that are used as the X-values to set the curve's X-values using Mean and Standard deviation. For each x-axis value, calculate the values from the normal distribution. Make a scatter plot using values that are smooth. Create the label data and add the information to the chart.
5.Measurements and Graphs:
5.1. Attenuation coefficient for rectangular block and Brake disc by Ultrasonic flaw detector		
	 
	Thickness = 19mm
	 
	Frequency = 5MHZ

	Position 
	A1
	A2
	A3

	1
	92
	49
	32

	2
	78
	45
	32

	3
	60
	40
	28

	4
	72
	34
	20

	5
	70
	30
	18

	6
	62
	28
	15


	Figure 9: Measurements of values from Ultrasonic flaw detector for rectangular block
	 
	Thickness = 12.6mm
	 
	Frequency = 5MHZ

	Position 
	A1
	A2
	A3

	1
	97
	24
	7

	2
	99
	24
	7

	3
	90
	19
	5

	4
	80
	17
	5

	5
	93
	23
	6


			





Figure 10: Measurements of values from Ultrasonic flaw detector for Brake disc








5.2. sizing accuracy of the individual technicians through Linear regression and Statistical analysis.

Graph 1: Linear regression between True size and Operator1

	Graph 2: Linear regression between True size and Operator2

	Graph 3: Linear regression between True size and Operator3

	Graph 4: Linear regression between True size and Operator4

	Graph 5: Linear regression between True size and Operator5

	Graph 6: Linear regression between True size and Operator6

	Graph 7: Linear regression between True size and Operator7

	Graph 8: Linear regression between True size and Operator8

	Graph 9: Linear regression between True size and Operator9


	Graph 10: Linear regression between True size and Operator10







Statistical Analysis for Linear regresson charts:
	
		Graph 11: Normal distribution curve for Operator1

	Graph 12: Normal distribution curve for Operator2

	Graph 13: Normal distribution curve for Operator3

Graph 14: Normal distribution curve for Operator4

	Graph 15: Normal distribution curve for Operator5

	Graph 16: Normal distribution curve for Operator6

	Graph 17: Normal distribution curve for Operator7

	Graph18 : Normal distribution curve for Operator8

	Graph 19 : Normal distribution curve for Operator9

			Graph 20: Normal distribution curve for Operator10








6.Calculations:
6.1. Attenuation Coefficient Calculations for the Rectangular Block:
	Here we have taken 6 readings for the rectangular block which has thickness 19 mm and Frequency 5Mhz
	 
	Thickness = 19mm
	 
	Frequency = 5MHZ

	Position 
	A1
	A2
	A3

	1
	92
	49
	32

	2
	78
	45
	32

	3
	60
	40
	28

	4
	72
	34
	20

	5
	70
	30
	18

	6
	62
	28
	15


	Figure 11: Rectangular block Measurements from the experiment
Formula for Calculating Attenuation coefficient is α = (20/d) *ln(A2/A1)
Whenever we are considering A1 and A2, A2 and A3 we need use distance = 2 * thickness= 2*19=38mm
Whenever we are considering A1 and A3 we need to use distance = 4 * thickness= 4*19=76mm
1.α = (20*(2*Thickness)) *Ln(A2/A1) = (20*38) * Ln (49/92) = -0.144dB/mm Whenever we are considering A1 and A2, A2 and A3 we need use distance = 2 * thickness= 2*19=38mm
Whenever we are considering A1 and A3 we need to use distance = 4 * thickness= 4*19=76mm
2.α = (20*(2*Thickness)) *Ln(A3/A2) = (20*38) * Ln (32/49) = -0.097dB/mm
3. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*76) * Ln (32/92) = -0.120dB/mm
4. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*38) * Ln (45/78) = -0.125dB/mm
5. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*38) * Ln (32/45) = -0.619dB/mm
6. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*76) * Ln (32/78) = -0.372dB/mm
7. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*38) * Ln (40/60) = -0.092dB/mm
8. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*38) * Ln (28/40) = -0.0815dB/mm
9. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*76) * Ln (28/60) = -0.0871 dB/mm
10. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*38) * Ln (34/72) = -0.171dB/mm
11. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*38) * Ln (20/34) = -0.121dB/mm
12. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*76) * Ln (20/72) = -0.146dB/mm
13. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*38) * Ln (30/70) = -0.193dB/mm
14. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*38) * Ln (18/30) = -0.116dB/mm
15. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*76) * Ln (18/70) = -0.155dB/mm
Here we have taken 5 readings for the Brake disc which has thickness 12.6 mm and Frequency 5Mhz
	 
	Thickness = 12.6mm
	 
	Frequency = 5MHZ

	Position 
	A1
	A2
	A3

	1
	97
	24
	7

	2
	99
	24
	7

	3
	90
	19
	5

	4
	80
	17
	5

	5
	93
	23
	6







		
		Figure 12: Brake disc measurements from the experiment
Whenever we are considering A1 and A2, A2 and A3 we need use distance = 2 * thickness= 2*12.6=25.2mm
Whenever we are considering A1 and A3 we need to use distance = 4 * thickness= 4*12.6=50.4mm
1. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*25.2) * Ln (24/97) = 0.481dB/mm
2. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*25.2) * Ln (7/24) = -0.424dB/mm
3. α = (20*(4*Thickness)) *Ln(A2/A1) = (20*50.4) * Ln (7/97) = -0.453dB/mm
4. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*25.2) * Ln (24/99) = 0.488dB/mm
5. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*25.2) * Ln (7/24) = -0.424dB/mm
6. α = (20*(4*Thickness)) *Ln(A2/A1) = (20*50.4) * Ln (7/99) = -0.456db/mm
7. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*25.2) * Ln (19/90) = 0.536dB/mm
8. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*25.2) * Ln (5/19) = -0.460dB/mm
9. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*50.4) * Ln (5/90) = -0.498dB/mm
10. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*25.2) * Ln (17/80) = 0.533dB/mm
11. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*25.2) * Ln (5/17) = -0.421dB/mm
12. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*50.4) * Ln (5/80) = -0.477dB/mm
13. α = (20*(2*Thickness)) *Ln(A2/A1) = (20*25.2) * Ln (23/93) = 0.481dB/mm
14. α = (20*(2*Thickness)) *Ln(A3/A2) = (20*25.2) * Ln (6/23) = -0.463dB/mm
15. α = (20*(4*Thickness)) *Ln(A3/A1) = (20*50.4) * Ln (6/93) = -0.472dB/mm






7.Results and Discussion:
7.1. Material attenuation coefficient by time-of-flight method
	The average Attenuation coefficient of rectangular block is 0.166dB/mm and the average attenuation coefficient for the Brake disc is 0.4711dB/mm. Geometric spreading and intrinsic attenuation are the two main factors that make up the ultrasonic wave attenuation coefficient. Scattering on air void inclusions and absorption in solid materials are two types of intrinsic attenuation. Given that the geometric spreading for different-sized specimens changes, the attenuation coefficient, which is a material attribute, can be derived by eliminating it. DB/mm is a unit that can be used to express attenuation coefficient. According to the experimental findings, the attenuation coefficient increases sustainably with the quantity of air voids present, as well as with the size of the materials' grains and to a significant extent with thickness. Additionally, the attenuation coefficient is more sensitive to higher frequencies the thinner the material is, the higher the attenuation coefficient happens. Grain size can occasionally be determined using attenuation coefficients. An identifiable impact on ultrasonic attenuation can be observed when a grain size distribution is present. The effect that a distribution might have on mean grain size is demonstrated by longitudinal attenuations, which are calculated at various thicknesses and frequencies (Yim, Kwak and Kim, 2012).












7.2. sizing accuracy of the individual technicians through Linear regression and Statistical analysis

		Graph 21: Graph of R-squared values from the equation
	R-squared assesses the scatter of the data around the regression lines, as opposed to the mean, which is the focus of the regression coefficients and predicted values. The two R-squared values are so dissimilar because of this. Lower R-squared values are produced for a given dataset when the regression line is surrounded by more variability. The equation with the least difference between all the observed values and their fitted values is identified via linear regression. Linear regression determines the dataset's least sum of squared residuals. To examine the relationship between a continuous outcome and independent factors, linear regression models are frequently used; however, it should be noted that binary outcomes may also be utilised to satisfy "the" normality assumption. We demonstrate that linear regression models without normally distributed errors are valid when the sample size is high enough in this succinct summary of much larger theoretical works. Despite this well-known trait, outcome modifications are frequently used indiscriminately in an effort to make the residuals conform to a normal distribution. As was previously mentioned, such transformation frequently biases slope coefficients (as well as parameter estimates) and ought to be avoided. Naturally, the definition of a big sample size varies depending on the analysis. Before, we mentioned a ratio of 21 observations per parameter, but lower values have also been determined to be enough (Austin and Steyerberg, 2015). Examine the graph on the left. We're employing estimates when we use the data points to create a regression line. We want to identify the line that most accurately captures the data. We can utilize the "hat" notation. when dealing with estimates. When using estimates, the "best fit line" will be drawn using the same formula as the straight line, but with that notation.

		Graph 22: Normal distribution curves of 10 Operators
We refer to the pattern of values obtained when we measure a quantity across a significant number as a distribution. For instance, the image above displays a histogram of the distribution of various technicians who utilised the equipment to conduct measurements. This distribution is experimental. There are theoretical distributions as well, with the normal distribution being the most well-known. From the above graph it is shown that the probability of errors is low for the technicians whose standard deviation is high. The Operators graph which is higher or taller the standard deviation is lower.
8.Conclusion:
	In this paper we have successfully done the experimental calculations to find out attenuation coefficient by using two samples which are rectangular block and brake disc and explained briefly about the Ultrasonic Attenuation coefficient and about the Variation of attenuation coefficient depending on their grain size, frequency and also their thickness of the specimen. On the other hand, we discussed about the Linear regression and Statistical analysis of the Technicians and their performance of taking measurements on the equipment and noted their performance on the graphs by using Mean, Standard deviation and Normal distribution formulas.

9.References:
1.Aitken, A. (1936). IV.—On Least Squares and Linear Combination of Observations. Proceedings of the Royal Society of Edinburgh, 55, 42-48. doi:10.1017/S0370164600014346.
2.Austin, P.C. and Steyerberg, E.W. (2015). The number of subjects per variable required in linear regression analyses. Journal of Clinical Epidemiology, [online] 68(6), pp.627–636. doi: 10.1016/j.jclinepi.2014.12.014.
3. Nayfeh, A.H. (1991). Elastic wave reflection from liquid-anisotropic substrate interfaces. Wave Motion, 14(1), pp.55–67. doi:10.1016/0165-2125(91)90048-s.
4. Yim, H.J., Kwak, H.-G. and Kim, J.H. (2012). Wave attenuation measurement technique for non-destructive evaluation of concrete. Non-destructive Testing and Evaluation, 27(1), pp.81–94. doi:10.1080/10589759.2011.606319.
5. How to Create a Normal Distribution Bell Curve in Excel - Automate Excel
6. Linear Regression in Excel | How to do Linear Regression in Excel? (educba.com)
7. Attenuation coefficient - Wikipedia


‌
Linear regression between Truesize and Operator

Op1	
0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.495	0.72699999999999998	0.75800000000000001	0.90999999999999992	0.97999999999999987	0.78999999999999992	1.012	0.95500000000000007	1.35	1.3080000000000003	1.3720000000000001	1.5550000000000002	1.6	1.73	1.5599999999999998	2.1399999999999997	2.4899999999999998	2.9699999999999998	4.87	6.17	6.9850000000000012	TRUE SIZE


OPERATOR




Linear regression between Truesize and Operator
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Linear regression between True size and Operator


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1	1	1	1.2	1.4	1.1000000000000001	0.9	0.5	2	1.9	1	2.2000000000000002	2	2.2000000000000002	2	2.4	3.5	2.8	5.7	7	8	True size


Operator




Linear regression between True size and Operator


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0	0	0	1	1	1	1.5	0.9	1.6	2	1.8	1	1.6	2	2	2	2.5	2.5	4.5	6.5	7.2	True size


Operator




Linear Regression between True size and Operator 


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.5	1	0.5	1	1.1000000000000001	0.8	1	1.2	1.2	1.6	1.8	1.5	1.5	2	1.5	3.2	3	3.5	4.4000000000000004	5.5	6.5	True size


Operator




Linear Regression between Truesize and Operator 


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.5	0.5	0.5	0.6	0.2	0	1	1.3	1.6	0.5	1.8	1.8	0.5	1.7	1.2	2.2000000000000002	2	2.5	4.2	5.3	6.5	True size


Operator




Linear Regression Between True size and Operator


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.8	0.8	1.3	1.5	1.6	1	0.9	1.6	2.2000000000000002	1.8	2	2	2.2000000000000002	2	2	2.5	3.2	3.5	5.4	6.7	6.9	True size


Operator




Linear regression between Truesize and Operator 


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1	1	1	1	1	1.2	1	1	1	1	1.5	1.5	2	1.5	2	2.5	2	3.5	5.5	6.5	8	True size


Operator




Linear Regression between True size and Operator


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.3	1.2	0.7	0.8	0.9	0.5	0.7	0.4	1	1.4	1.3	1.2	1.6	1.7	1.5	1.1000000000000001	2.6	2.2000000000000002	5.5	6	6.5	True Size


Operator




Normal Distribution curve

-0.3	-0.1	0.1	0.3	0.5	0.7	0.9	7.2057258932378909E-2	0.3928628623631823	1.1080222771186781	1.6165914745748142	1.2201026001157635	0.47636154770565087	9.6210244667651948E-2	ERROR


PRB ERR




Normal Distribution curve

-1.8	-1.4	-1	-0.6	-0.2	0.2	0.6	1	1.4	1.8	5.8779101742071965E-3	3.0966283559017271E-2	0.11296529028490025	0.28535846090750766	0.49914448868116318	0.6045769723905734	0.50706859961865758	0.29449073005691839	0.11843125589185104	3.2980014006615953E-2	ERROR


PRB ERR



Normal distribution curve

-1.2	-0.8	-0.4	0	0.4	0.8	1.2	1.4	3.6115610111903007E-2	0.18345138642995459	0.50838125413956758	0.76860029283431941	0.63394860506530937	0.28526602008986718	7.0030708982437878E-2	2.7645452061587826E-2	ERROR


PRB ERR



Normal Distribution curve

-0.3	0	0.3	0.6	0.9	1.2	1.5	1.8	3.7046215092214251E-2	0.20218724256607723	0.60582994038335503	0.99663192194520889	0.90013144191741024	0.44633829318928503	0.12150927857120579	1.8161085963284276E-2	ERROR


PRB ERR



Normal Distribution curve

-0.8	-0.4	0	0.4	0.8	1.2	1.6	4.7816416616976498E-2	0.2652471041749232	0.69206150450588233	0.84929614111005247	0.49022338675098909	0.1330911930324265	1.6995150981856551E-2	ERROR


PRB ERR



Normal Distribution curve

-0.9	-0.4	0.1	0.6	1.1000000000000001	1.6	2.1	3.8047314756636703E-2	0.24664126176583034	0.65068117134918757	0.69860474359088953	0.30524995225645057	5.4280078022431101E-2	3.9281322947718258E-3	ERROR


PRB ERR



Normal Distribution curve

-1.33	-1.03	-0.73	-0.43	-0.13	0.13	0.43	0.73	1.03	1.33	3.2832822872006125E-2	0.11310249980438129	0.28549266847520727	0.52805175694076978	0.71567657084190972	0.72429983756682459	0.54939125752334861	0.30535418499400041	0.12436116586518818	3.7112863906856863E-2	ERROR


PRB ERR



Normal Distribution curve

-0.3	0	0.3	0.6	0.9	1.2	1.5	1.8	3.9273626312698047E-2	0.18753354771854674	0.53221808164839768	0.89770360758695011	0.89993057114023867	0.53618878957069271	0.18987122119064981	3.9960714716603944E-2	ERROR


PRB ERR



Normal Distribution curve

-0.11	0	0.11	0.22	0.33	0.44	0.55000000000000004	0.66	0.77	0.88	0.99	1.1000000000000001	1.2	7.5521515310707374E-2	0.20483776502813458	0.45650737427478161	0.83595712095925834	1.2578204208237544	1.5550763493665658	1.5797313139592415	1.3186003084513225	0.90436043587153658	0.50964570836066303	0.235990012812901	8.9787796113684024E-2	3.1453673386010815E-2	




Normal Distribution curve

Prb error	-1	-0.75	-0.5	-0.25	0	0.25	0.5	0.75	1	1.25	3.3287370848976074E-2	0.12023153603657638	0.31669448330437228	0.60833920012624054	0.85218582926355191	0.87057464715849231	0.6485760753255585	0.3523700879250069	0.13961122790441971	4.0338975149721422E-2	ERROR


PRB ERR




R-Squared value	1	2	3	4	5	6	7	8	9	10	0.99250000000000005	0.91490000000000005	0.94199999999999995	0.96220000000000006	0.9476	0.94850000000000001	0.93810000000000004	0.96299999999999997	0.9839	0.95189999999999997	Operators


R-Squared value



Normal Distribution curve

Operator 1	-0.3	-0.1	0.1	0.3	0.5	0.7	0.9	7.2057258932378909E-2	0.3928628623631823	1.1080222771186781	1.6165914745748142	1.2201026001157635	0.47636154770565087	9.6210244667651948E-2	Operator 2	-1.8	-1.4	-1	-0.6	-0.2	0.2	0.6	1	1.4	1.8	5.8779101742071965E-3	3.0966283559017271E-2	0.11296529028490025	0.28535846090750766	0.49914448868116318	0.6045769723905734	0.50706859961865758	0.29449073005691839	0.11843125589185104	3.2980014006615953E-2	Operator 3	-1.2	-0.8	-0.4	0	0.4	0.8	1.2	1.4	3.6115610111903007E-2	0.18345138642995459	0.50838125413956758	0.76860029283431941	0.63394860506530937	0.28526602008986718	7.0030708982437878E-2	2.7645452061587826E-2	Operator 4	-0.3	0	0.3	0.6	0.9	1.2	1.5	1.8	3.7046215092214251E-2	0.20218724256607723	0.60582994038335503	0.99663192194520889	0.90013144191741024	0.44633829318928503	0.12150927857120579	1.8161085963284276E-2	Operator 5	-0.8	-0.4	0	0.4	0.8	1.2	1.6	4.7816416616976498E-2	0.2652471041749232	0.69206150450588233	0.84929614111005247	0.49022338675098909	0.1330911930324265	1.6995150981856551E-2	Operator 6	-0.9	-0.4	0.1	0.6	1.1000000000000001	1.6	2.1	3.8047314756636703E-2	0.24664126176583034	0.65068117134918757	0.69860474359088953	0.30524995225645057	5.4280078022431101E-2	3.9281322947718258E-3	Operator 7	-1.33	-1.03	-0.73	-0.43	-0.13	0.13	0.43	0.73	1.03	1.33	3.2832822872006125E-2	0.11310249980438129	0.28549266847520727	0.52805175694076978	0.71567657084190972	0.72429983756682459	0.54939125752334861	0.30535418499400041	0.12436116586518818	3.7112863906856863E-2	Operator 8	-0.3	0	0.3	0.6	0.9	1.2	1.5	1.8	3.9273626312698047E-2	0.18753354771854674	0.53221808164839768	0.89770360758695011	0.89993057114023867	0.53618878957069271	0.18987122119064981	3.9960714716603944E-2	Operator 9	-0.11	0	0.11	0.22	0.33	0.44	0.55000000000000004	0.66	0.77	0.88	0.99	1.1000000000000001	1.2	7.5521515310707374E-2	0.20483776502813458	0.45650737427478161	0.83595712095925834	1.2578204208237544	1.5550763493665658	1.5797313139592415	1.3186003084513225	0.90436043587153658	0.50964570836066303	0.235990012812901	8.9787796113684024E-2	3.1453673386010815E-2	Operator 10	-1	-0.75	-0.5	-0.25	0	0.25	0.5	0.75	1	1.25	3.3287370848976074E-2	0.12023153603657638	0.31669448330437228	0.60833920012624054	0.85218582926355191	0.87057464715849231	0.6485760753255585	0.3523700879250069	0.13961122790441971	4.0338975149721422E-2	ERROR


PRB ERR
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