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1)
a) Operator one starts with a small underestimation. It becomes more accurate around 4mm and then begins overestimating. Operator 2 is similar with a larger variance and a cross over point of 2.5mm. Operator 3 is similar to 2, with smaller variances. Operator 4 follows a similar trend. Operator 5 underestimates up until around 5.5mm and then begins overestimating slightly. Operator 6 constantly underestimates by approximately 0.8mm. Number 7 is somewhat accurate at first and then considerably off past 2mm. Operator 8 is similar to 6 and constantly underestimates by a lower variance. 9 becomes more accurate at the higher depths. Number 10 begins to underestimate and then overestimate by a small margin, crossing over at around 5mm. 
 One possible way to determine the performance of the procedures is to examine the R squared values. R squared is the coefficient of determination. The closest R squared value has the lowest variance. Operator 10 has the highest R squared value with 0.9925, followed by 8 with 0.9839 and then 9 with 0.9664.
Operators 6 and 8 are unique in that their linear estimate is a constant offset from the accurate value. In effect it does not cross over. With a change in calibration/offset the results could be far closer to 100% accurate. With a 0.8mm offset operator 6 would be considerably closer. Likewise with operator 8, an adjustment of 0.5mm approximately is required. 8 is the most accurate of the 2. Operators 6 and 8 have the most accurate technique.
The majority of tests underestimate at the low depths and then over estimate at the higher depths. This suggests there may be an issue with the procedure that could be changed. It could be a calibration issue or perhaps equipment. Operators may be misreading the initial pulse


b) Using the hit/miss data a POD analysis has been carried out. The table is shown below.

The best detection method has the most probability of detection and the lowest false alarms. Viewed on that table, the best method would be closest to the top right, which is clearly method 3. 
Method 1 has 5 true and false positives. It has 6 true negatives and 3 false negatives. Method 2 has 4 true positives and 2 false positives. It has 9 true negatives and 4 false. Method 3 finally has 7 true and 2 false positives, with 9 true negatives and 1 false negatives. 
While false positives are an issue, they are not as bad false negatives. It is far more desirable to detect a fault where there may not be one, rather than miss a defect that is there which could be considerably dangerous. For this reason it could be argued that 2 is the worst due to the highest number of false negatives.


2. 
a)i)	Ug = (Uf(f2-f1))/f1
	Ug= <0.025x10^-3       f2= 0.25    Uf=30x10^-6  
	0.1364m
ii)	Magnification = f2/f1 = 0.25/0.1364= 1.833
	(4mm x 6mm) x 1.833 
	7.332 x 10.998                                        4096/800 = 5.12 pixels per mm
	37.54 x 53.31  (pixels)
iii)	
	    
b) 	Intensity (Io) = 140x10^-3 R/hr      Target intensity (Ix) = 92x10^-9 R/hr    (question says nano)
Lead HVL = 0.00178m
Ix=Io e ^ -Mx
M= (-ln 0.5)/0.178 
M = 3.894cm
92x10^-9 = 140x10^-3  x  e^ (-3.894* X)
x= 3.655cm

c)	 DR=D/t       DR= 0.75x10^-3   t=35/60
D=DR x T      D = (0.75x10^-3) x (35/60)   
D= 0.44mR

d) 	t=D/DR   
	1.5/0.75 = 2 hours

e)i)	KE = hf      v = 3x10^8
	KE = qe. Vt
	KE = (1.6*10^-19).(90000)        =       1.44x10^-14   j
ii)	Breaking = (h.C)/ (Qe.Vt)                         (6.63x10^-34  x  3x10^8) /  (1.6x10^-19   x   90000)
	= 1.38x10^-11
f)
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3.
a) With Eddy Current testing you have loops of current induced. They move parallel to the winding. The currents concentrate close to the surface, adjacent to the coil. The strength decreases as the distance to the coil increases. The current density decreases exponentially with depth.
The skin effect is caused as the eddy currents in the test object produce a magnetic field, which opposes the main field. This causes a reduction in the magnetic flux and a subsequent reduction is current flow relative to depth.
Another view is that the eddy currents close to the surface effectively shield the magnetic field of the coil. This weakens the magnetic field at depth and reduces the induced current.
b) An issue with eddy current testing is concentrating the field on the subject of interest, in addition to stopping the field affecting areas not of interest, which can impact the interpretation of the signal.  
Shielding can be used on the probe in order to stop the spread, and control the field. Stop the spread means to control the interaction of the field with features that aren’t of interest, including conductive fasteners.
Shielding itself can be either magnetic or eddy current. Magnetic shielding is when the coil is surrounded by a ferrite coating which is highly permeable and has low conductivity. This concentrates the field around the coil and prevents the spread. 
An alternative shielding is eddy current shielding, which is a ring of metal such as copper to surround the coil. This causes the creation of eddy currents in the shielding rather than in non relevant features. The higher the frequency of the current in the probe, the higher the effect of the shielding material.
 
c) [image: ]i) This equation can be used in order to find the required frequency. The standard depth of penetration is 0.15mm. The test frequency f is to be found. The relative permeability is 1 as it is non ferrous, and the conductivity is given in the question is 64.94%. Rearranging for f gives a frequency of 299025 Hz, or 299kHz.

[image: ]ii) This equation can be used in order to calculate the maximum phase difference. X is the thickness and δ is the depth of penetration. This gives a maximum phase difference of 191 degrees. 



iii) If the test frequency was increased by 2, the test frequency would increase to 598. This would greatly reduce the depth of penetration. This can be calculated using the formula for section i). 
Depth of penetration would reduce to 0.106mm, from 0.15. The maximum phase difference can also be recalculated with the new depth of penetration. It would increase to 270.3 degrees from 191, which is a larger difference from near to far. 
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