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1. [a] Give TWO (2) examples of products where straightness measurement is 
 important. 

(2 marks) 
 

[b] An autocollimator was used to test the straightness of the guideway of a 
lathe machine as shown in Figure 1[b]. The length l of the reflector base is 
100 mm. The readings taken at positions of the reflector at A, B, C, D and 
E are shown in Table 1[b]. 
 
(i) Determine the deviation in straightness ∆h at each of the positions A 

to F shown in Figure 1[b] measured from the reference line (correct to 
three decimal places). 

(6 marks) 
 

(ii) Hence, state the straightness error of the guideway, correct to three 
decimal places. 

(2 marks) 
 
 

 

Figure 1[b] 
 

Position  Autocollimator reading 
(arc minute) 

A 5 

B 8 

C -4 

D 6 

E -2 

 
2.  [a] Figure 2[a] shows the fringe patterns formed on a hard disk substrate when 

viewed under an optical flat with the aid of sodium light. The figure on the 
left shows the pattern formed on the surface before lapping, while that on 
the right shows the pattern after lapping. What can you infer from the two 
patterns? 
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Figure 2[a] 
(2 marks) 

 
[b] Figure 2[b] shows the fringes observed on a test surface observed under 

an optical flat with the aid of sodium light ( = 0.585 µm). Draw the cross-
sectional profiles along sections A-A and B-B to show the profile of the 
surface. Hence, determine the height difference between the highest 
point and lowest point along each section. 

 
IMPORTANT: Select the figure based on your matrix number as in the 
table below: 
 

Matrix number range Sub-figure 

135977  to  146216 (i) 

146223   to 147486 (ii) 

147581   to  148802 (iii) 

148827   to 149707 (iv) 
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Figure 2[b] 
 

(8 marks) 
 
3. [a] Write a brief answers to the following questions. 
 

(i) Define and differentiate Quality Assurance and Quality Control. 
 

(1 mark) 
 

A 

A 

B B 

A 

A 

B B 

(i) 
(ii) 

A 

A 

B B 

(iii) B B A 

A 

(iv) 
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(ii) The inspection on a batch of respiratory masks during a given time   
period is shown in Table 3[a]. The following defects are noted: 
Discolouration, loose strap, dents, tears and pin holes. Plot a suitable 
chart to represent the data and analyse the two types of defects that 
should receive the most attention. Recommend TWO (2) corrective 
and TWO (2) preventive activities for the defects. 

 
Table 3[a] 

Discolouration Discolouration Discolouration 

Loose Strap Loose Strap Loose Strap 

Discolouration Dent Loose Strap 

Discolouration Loose Strap Discolouration  

Loose Strap Discolouration Discolouration 

Discolouration  Discolouration Dent 

Discolouration Dent Tear 

Tear Pinhole Discolouration 

Dent Discolouration Pinhole 

Discolouration Tear Tear 

  
(4 marks) 

 
 [b] A passenger vehicle speeds were recorded as in Table 3[b] during a 15 

minute interval on North-South Bound PLUS Highway.  
 

Table 3[b] 
 

Boundaries 
 (km/h) 

Midpoint 
 (Xi) 

Frequency 
 (fi) 

72.6-81.5 77.0 5 

81.6-90.5 86.0 19 

90.6-99.5 95.0 31 

99.6-108.5 104.0 27 

108.6-117.5 113.0 14 

117.6-126.5 122.0 10 

 

Calculate the 𝑓𝑖𝑋𝑖 and 𝑓𝑖𝑋𝑖
2 for the data given. Determine the average and standard 

deviation, s as given in the formula below. Comment on the results.  
 

𝐬 = √
𝐧 ∑ (𝐟𝐢𝐗𝐢

𝟐) − (∑ 𝐟𝐢𝐗𝐢
𝐡
𝐢=𝟏 )

𝟐𝐡
𝐢=𝟏

𝐧(𝐧 − 𝟏)
 

(5 marks) 
 
4.  [a] Sketch a diagram showing a comparison of normal (N), tightened (T) and 

reduced (R) curves.   
(2 marks) 
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[b] Three measurements have been taken by Testers A and B for each of 10 
parts number as shown in Table 4[b]. Use Appendix A for references in 
answering the questions. 

 
Table 4[b] 

 

Part 
number 

Tester A 
Measurements(mm) 

Tester B 
Measurements (mm) 

1 2 3 1 2 3 

1 250 249 250 250 248 251 

2 252 252 251 251 251 251 

3 253 250 250 254 252 251 

4 249 251 250 248 250 251 

5 248 249 248 248 249 248 

6 252 250 250 252 250 250 

7 251 251 251 251 250 250 

8 252 250 249 253 248 250 

9 250 251 250 251 248 249 

10 247 246 249 246 247 248 

 
 

(i) Determine the standard deviation, upper control limit (UCL), lower 

control limit (LCL) and central limit (CL) of the measurement error in 

the collected data. Plot the graphs to show the UCL, LCL and CL. 

Comment on the results. 

(6 marks) 
 

(ii) If the specification are at 250 ±  10,  comment on the gauge 

specification?  

(2 marks) 
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