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1.  [a] Generic model of a measurement system. 
 

(i) Briefly explain why accuracy of measurement can only be 
approximated using confidence interval but not standard deviation.  

 
(ii) Briefly explain why the reading at elapsed time, t = 5τ (5 times of the 

time constant) for a first-order system, is generally accepted as good 
reading. 

(30 marks) 
 

[b] Measurement error & uncertainty. The resistance of a conductor is related 
as: 

𝑅𝑅 =
𝜌𝜌𝜌𝜌
𝐴𝐴

 
 

where  𝑅𝑅 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (Ω) 
   𝐿𝐿 = 𝑡𝑡ℎ𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚) 
   𝐴𝐴 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚2) 
   𝜌𝜌 = 𝑡𝑡ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (Ω ∙ m) 
 

In a laboratory testing, the resistance of a piece a nickel is to be determined. 
The nickel was shaped into a cylindrical form with a length L and the circular 
cross-sectional diameter D. The length L and circular cross-sectional 
diameter D were measured repeatedly and summarized in Table 1b as 
follow: 
 

Table 1b 
 

Attempt Length, L(mm) Diameter, D (mm) 
1 25.016 4.984 
2 25.012 5.008 
3 24.984 4.986 
4 24.978 5.004 
5 25.026 5.002 
6 25.006 4.988 
7 25.002 4.992 
8 24.992 5.006 
9 24.994 4.986 

10 25.008 5.008 
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Based on the information given, determine the best estimate of the 
resistance (with 95% level of confidence) of the nickel. The resistivity of the 
nickel is given as 7×10−8Ω·m at 20°C (± 5% uncertainty) and assuming 
that there is no bias error in any measurement.  

 (70 marks) 
 
2. [a] Fourier analysis & dynamic behavior. 

Figure 2[a] shows an electrical signal resembling a sawtooth wave. A 
sampling rate of 250 Hz is to be used for signal sampling.  
 
 

   
 
 
 
 
 
 
 
 

Figure 2[a] 
 

(i) Draw the electrical signal on a graph paper and show the temporal 
locations at which it is to be sampled. 

 
(ii) Estimate the apparent frequency that can be observed using the 

sampling rate.   
 

(iii) Determine the highest frequency component of the electrical signal 
that can be resolved accurately using the sampling rate. What will 
happen to other frequency components that cannot be resolved? 

 
(iv) Determine the minimum sample rate so that the electrical signal can 

be accurately resolved up to the 9th harmonic. 
(50 marks) 

 
 [b]  First order system response. 
 

A student was investigating smoking effect of waste cooking oil at 120°C. 
To maintain the oil temperature, a constant heat was supplied. The student 
then used a mercury-in-glass thermometer for temperature check every 60 
seconds. The thermometer was assumed to be approximating a first-order 
system with a known time constant of 25 seconds. The room temperature 
was confirmed to be 30°C during the investigation.  

Voltage / V 

Time / ms 
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(i) Sketch the time response of the thermometer when it was immersed 
to the oil, from 30°C to 120 °C. Indicate t = τ and its corresponding 
temperature. 

 
(ii) Determine whether the response of the mercury-in-glass thermometer 

was suitable for the task if the error of temperature measurement 
should less than 0.5°C.  

(50 marks) 
 
3. [a] List any THREE factors that affect the inductance of a coil whose flux path 

includes both a magnetic material and an air gap. 
 (15 marks) 

 
 [b] State the operation for the listed sensors below. Suggest ONE (1) 

application that is suitable for each sensors. 

(i) Potentiometer 
(ii) Thermocouple 
(iii) Variable inductance coil 

   (30 marks) 
 

 [c] The following Figure 3[c] shows a capacitive displacement sensor designed 
to monitor  small changes in work-piece position. The two metal cylinders 
are separated by a plastic sheath/bearing of thickness 1 mm and dielectric 
constant at 1 kHz of 2.5. Given that the capacitance C between parallel 
plates with an overlapping area A and distance d is given by 

 

𝐶𝐶 =
𝐾𝐾𝜖𝜖0𝐴𝐴
𝑑𝑑

 

 
  where K is the dielectric coefficient of the substance between the plates 

(K = 1 for air) and ε0 is the permittivity of free space (8.85 pF/m). 
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Figure 3[c] 
  (i)  If the radius is 2.5 cm, find the sensitivity in pF/m as the upper cylinder 

 slides in and out of the lower cylinder.  
 
  (ii)  What is the range of capacity if h varies from 1.0 to 2.0 cm?  
 

(iii)  Suggest TWO (2) methods to double the sensitivity of the capacitive 
displacement sensor in this application. Justify your method    
mathematically.  

(55 marks) 
 

4. [a] List FOUR (4) characteristics of a ideal operational amplifier 
(10 marks) 

 
[b] Figure 4[b] shows an amplifier circuit.  
 
 
 

 
 

 
 
 
 
 
 
 
 

Figure 5[b] 
 

 
(i) State ONE [1] application of this type of amplifier. 
 
(ii) Derive an expression for the gain of the amplifier in terms of the other   

variables shown in Figure 4[b].   
 
(iii) Given that R1 = R2 = R3 = 1 kΩ and V1 = V2 = V3 = 10 V, determine the 

value of R4 required so that the amplifier circuit will produce a gain of 
1000. 

(50 marks) 
 
 
 
 
 

R1 

R2 

R3 

R4 

V1 

V2 

V3 

− 

+ 
Vo 
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[c] Figure 4[c] shows a simple 8-bit digital-to-analog converter (DAC). Given 
that R = 1000 Ω, RG = 100 kΩ and Eref = 5 V. Calculates the output voltage 
for 

  
(i) digital input 1000 0001 
(ii) digital input 1001 0010 

 

 
Figure 4[c] 

 
 (40 marks) 

 
 
 
 
 
 
 

- oooOooo - 
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