


Question1a
Operator one, has a ±1mm dimensioning uncertainty, the trend line on the graph shows good correlation although smaller sizes are overestimated.
Operator two, has a ±1.5mm dimensioning uncertainty, the trend line deviates at thicker sample sites and shows over estimations on thinner sections and under estimation at thicker sections.
Operator three, has a ±1.5mm dimensioning uncertainty, reasonable correlation throughout the range although thinner sections tend to be overestimated. 
Operator four, has a +1.5mm  and -1mm dimensioning uncertainty, overestimates on thin sections and underestimates on thicker sections.
Operator five, has a +1mm and -0.5mm dimensioning uncertainty, good correlation
	Operator six, has a +2mm and -0.5mm dimensioning uncertainty, consistently over estimating.
Operator seven, has a ±1.5mm dimensioning uncertainty, reasonable at lower thicknesses but underestimates on thicker sections but has the most consistent readings with 11 high and 10 low estimates.
	Operator eight, has a +1mm and -0.5mm dimensioning uncertainty, consistently over estimating.
Operator nine, has a +2mm and -1mm dimensioning uncertainty, consistently over estimating.
Operator ten, has a ±1mm dimensioning uncertainty, good correlation to the ideal sizing.


The system is quite consistently overestimating the wall thickness	on thinner sections and has an increasingly large divergence in readings on thicker section, the system overestimates the thickness 77% of the time and is only correct 1% of the time.
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		If this method were used to assess the structure of a pressure vessel it could prove disastrous because of its continual overestimation.
Question1b
		Probability of detection is utilised to determine the efficacy of the methods being employed, the data is broken down into true and false-negatives and positives; the table of probability and the assessment of reliability graph reveal that method three is the most likely to give accurate results. The assessment of reliability graph shows that method three is closest to the top left and is therefore the best and method one is the worst.
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Question2a(i)
		Assuming the array dimension is 0.8m x 0.8m (possible mistake in question)	
		Source to object distance
		F2 = 0.25m, Uf = 30μm, Ug < 0.025, 
		F1 = f2 x (Uf / Ug + Uf),  f1 = 0.136m
Question2a(ii)
		Object size in pixels
		F2 /f1 = 0.25/0.136 = 1.84
		4mm x 1.84 = 7.36mm
		6mm x 1.84 = 11.04mm
		Object size at detector 7.36mm x 11.04mm
		4096 / 800 = 5.12 pixels per mm
		 7.36 x 5.12= 37.68
		11.04 x 5.12 = 56.52
		Image size 37.68 x 56.52 pixels
Question2a(iii)
		Accuracy
		4 / 37.68 = 0.106mm/pixel
		6 / 56.52 = 0.106mm/pixel
Question2b
		HVL = 0.178cm L131 = 140mR/hr
		μ = Ln0.5 / HVL = 3.894cm
		I1 / I0 = 92 x10-6 / 140 = 0.657 x10-6
		-Ln(0.657 x10-6) / 3.894 = 3.66cm
Question2c
		0.75mR/hr / 60min = 0.0125 mR/min
total dose 0.0125mR/min x 35min = 0.4375mR
Question2d
		1.5mR / 0.75mR/hr = 2 hours or 120 minutes
Question2e(i)
		Electron Ke
		U = qe x V
		= -1.6 x10-19 x 90 x103 = 14.4 x10-15J 
Question2e(ii)
		swl
		H x c / qe x Vt
		(6.63 x10-34 x 2.99 x108) / (-1.6 x10-19 x 90 x103) =13.77pm
Question2f
		K = 8.98KeV  L = 0.93 KeV  M = 0.07 KeV
		K = 8.98 – 0.93 = 8.05 KeV
		(6.63 x10-34 x 2.99 x108) / (-1.6 x10-19 x 8.05 x103) = 0.154nm
		K = 8.98 – 0.07 = 8.91 KeV
		(6.63 x10-34 x 2.99 x108) / (1.6 x10-19 x 8.91 x103) = 0.139nm


Question3a
Eddy currents, running at a right angle to the primary magnetic field in a test piece give rise to a magnetic field inverse to the field produced by the inspection coil, this magnetic flux reduces exponentially with depth.
The surface of the test piece creates the greatest inverse field and therefore shields the underlying material from the effects of the primary magnetic field.
If the frequency of the excitation current in the test coil increases it increases the blocking effect the surface eddy currents and therefore reduces magnetic penetration.	
Question3b
Shielding the probe coil decreases the spread of the magnetic field concentrating its effect into a smaller area, also allows a magnetic field to be kept from parts that are not in the study area thus making returned data easier to interpret.
There are two types of shielding; magnetic shielding is where the probe is encapsulated in a low conductivity ferritic material that blocks the emission of magnetism and eddy current shielding where the eddy current created is contained within the surface of the conductive shielding material and does not enter the subject.
Question3c(i)
		dmm = 661 / √ ƒ x μr x σ
		ƒ = ( 661 / dmm )2 x ( 1 / μr x σ ) but μr = 1
		 ƒ = ( 661 / 0.15 )2 x ( 1 / 1 x 64.94 )
		= 299KHz
Question3c(ii)
		Θ = ( total thickness / dmm ) x 57.3
		= ( 0.5 / 0.15 ) x 57.3
		= 191°
Question3c(iii)
		New frequency Ƒ = 2 x 299 KHz = 598 KHz
		dmm = 661 / √ ƒ x μr x σ
		= 661 / √(598 x103 x 1 x 64.94)
		= 0.11mm
		Θ = ( 0.5 / 0.11 ) x 57.3
		=260.45°
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PoD PoFA

method tp fp tn fn tp/tp+fn fp/fp+tn

1 5 5 6 3 0.625 0.454545

2 4 2 9 4 0.5 0.181818

3 7 2 9 1 0.875 0.181818
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image2.emf
operatorhigh readingcorrectlow reading

1 15 0 6

2 14 1 6

3 13 0 8

4 17 0 4

5 16 0 5

6 19 0 2

7 11 0 10

8 19 1 1

9 20 0 1

10 18 0 3

totals 162 2 46

77% 1% 22%
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locationdefect

y/n onetwothree onetwothree onetwothree onetwothree onetwothree

1 1 1 0 1 1 1 1

2 1 1 1 1 1 1 1

3 0 0 0 0 1 1 1

4 1 1 1 1 1 1 1

5 0 1 0 0 1 1 1

6 1 0 0 1 1 1 1

7 1 0 0 1 1 1 1

8 0 0 0 0 1 1 1

9 0 1 0 0 1 1 1

10 0 0 0 0 1 1 1

11 0 1 1 1 1 1 1

12 0 1 1 1 1 1 1

13 1 0 1 1 1 1 1

14 0 0 0 0 1 1 1

15 0 0 0 0 1 1 1

16 1 1 1 0 1 1 1

17 0 0 0 0 1 1 1

18 0 1 0 0 1 1 1

19 1 1 0 1 1 1 1
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