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QUESTION 1 (25 marks) 

(a) 	 Define the following perfonuance tenus as used in measurement: 

(i) 	 linearity 

(ii) 	 resolution 

(iii) 	 precIsIon 

(3 marks) 

(b) 	 List three dynamic and three environmental perfonuance characteristics which would 

influence the choice of a transducer for a particular application. (3 marks) 

(c) 	 Explain how does the response ofa first order system to a step input differs from its 

response to a ramp input? (5 marks) 

(d) 	 In an experiment to calibrate a pressure transducer the following data were obtained for 

pressure increasing and pressure decreasing: 

Applied pressure (bar) 0 1 2 3 4 5 6 7 

Output for pressure increasing (rnA) 4.0 6.8 9.4 12.0 14.0 16.0 18.0 20.0 

Output for pressure decreasing (rnA) 4.0 5.8f7.8 9.6 12.4 15.0 17.6 20.0 

(i) Plot the data and estimate the maximum hysteresis .. (4 marks) 

(ii) We wish to derive a linear calibration graph for the transducer. Suggest how to 

derive it and plot the resulting calibration graph. (5 marks) 

(iii) What is the sensitivity of the calibrated transducer? (3 marks) 

(iv) Express the maximum error of the calibrated transducer as a percentage of the 

output span. (2 marks) 
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QUESTION 2 (25 marks) 

(a) 	 Derive an expression for the overall gain of the instrumentation amplifier circuit shown 

in Fig. Q2a. 
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Fig. Q2a 

(b) 	 A block diagram of a measurement system using a thermocouple is shown in Fig.Q2b. 

A voltage dependent on the temperature difference between the cold and hot junctions 

appears at the thermocouple outputs. This voltage varies by 41.0 IlV for every °C 

temperature difference and may be assumed constant throughout the range of 

measurement. A digital output display shows the temperature in °C and is driven by 

an analog to digital converter (ADC). The ADC converts a signal from 0 to 10 V to an 

8-bit digital value. The maximum temperature difference to be measured is 1000 °C 

(i) Determine the range ofvoltage is produced by the thermocouple? (3 marks) 

(ii) Design an instrumentation amplifier which converts the output from the 

thermocouple to that required to fully utilize the full range of the ADC. (13 marks) 

(iii) Determine the resolution of the measurement system. (3 marks) 
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Fig.Q2b 
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QUESTION 3 (25 marks) 

(a) 	 An infrared gas analyser is used to measure the concentration of carbon monoxide 

(CO) in the exhaust gases of a motor vehicle. Before the measurement is taken, 

purified air containing no CO is introduced and the "zero" is adjusted for 0 m V on the 

output display. Then, a calibrated mixture ofCO and air at 400 ppm is introduced and 

the span adjusted to give 400 mV on the output. The exhaust gas is then sampled by 

the instrument and the reading is 350 mY. It is discovered later that the concentration 

of the calibrated mixture was in error and should have been 410 ppm. Assuming that 

the response of the instrument is linear, determine a corrected value for the measured 

concentration. (7 marks) 

(b) 	 A photo diode has a sensitivity of9 nAllux at 560 nm and an area of40 mm2
. Express 

its detectivity in A/W. you are given that 1 lux == Ilumenlm2 and a radiant flux of 1 W 

at 560 nm produces 685 lumens. (6 marks) 

(c) 	 A variable dielectric capacitive displacement sensor consists of two square metal plates 

of sides W = L = 5 cm separated by a gap d of 1 mm. A sheet ofdielectric material 1 

mm thick and the same area as the plates can be slid between them. If the dielectric 

constant of air is Er = 1 and that of the dielectric material is Er = 4, 

(i) 	 Calculate the capacitance of the sensor when the input displacement 

L - x=2.0cm. (6 marks) 

(ii) 	 Determine the sensitivity of the sensor. (6 marks) 
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QUESTION 4 (25 marks) 

(a) 	 Figure Q4 shows a temperature measurement system employing a two-wire loon RTD 

RTII excited by a constant current source. The RTD has a sensitivity of 0.385 n/oc. 

Iexc 

Rw 
IN+ + 

RTh 	 ~n 
IN-	 .  I 

Rw Ir 
IGND L _____ ____ I~ 

Measurement device 

FigQ4 

(i) 	 If the lead resistance ofeach wire is 0.4 n, what error in the temperature 

measurement is produced by the lead resistance for every degree change in 

temperature? (5 marks) 

(ii) 	 With the aid of diagrams explain how this measurement can be made more accurate 

using a four-wire RTD connection. (5 marks) 

(iii) 	 If the self-heating coefficient of the RTD is 0.2 °C/mWand the excitation current is 

0.85 rnA, calculate the temperature error contributed by self-heating. (5 marks) 

(iv) 	 How can the errors due to self-heating be reduced? (5 marks) 

(b) 	 Explain the effect oftemperature and pressure in the measurement of humidity. (5 marks) 
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QUESTION 5 (25 marks) 

(a) 	 Distinguish between the following terms as used in communication between 

measurement devices: 

(i) Half duplex and full duplex communication 

(ii) Asynchronous and Synchronous transmission 

(iii) Balanced and unbalanced interfaces 

(6 marks) 

(b) 	 A filter with Chebychev response is desired for anti-aliasing. It suggested that a fourth 

order filter with a cut-off frequency 120 Hz be used. Futhermore it is decided that no 

further gain is required in the filter so a unity-gain version with a ripple amplitude of 

0.5 dB be used. Design the filter using Sallen-Key configurations. (lO marks) 

(c) 	 Design a circuit to transmit -1 V to 4 V analogue signal over a 4 rnA to 20 rnA current 

transmission loop. Assume that load is grounded and that amplifiers saturate at ±1O V. 

What are limits of the load resistance at the receiver? (9 marks) 

= = = 	 = END OF QUESTION PAPER,ATTACHMENTSFOLLOW= = = = = 
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VALUES OF STANDARD 1 % TOLERANCE RESISTORS 

I 

i 

COMMON STANDARD VALUES OF CAPACITORS 


10 15 22 33 47 68 pF Non-polarized 

100 150 220 330 470 680 pF Non-polarized 

1 1.5 2.2 3.3 4.7 6.8 nF Non-polarized 
i 

10 15 22 33 47 68 nF Non-polarized 

100 150 220 330 470 680 nF Non-polarized I 

1 1.5 2.2 3.3 4.7 6.8 I1F 
Non polarized 

!Polarized 

10 15 22 33 47 68 I1F (Polarized) 

100 150 220 330 470 680 I1F (polarized) 

1000 1500 2200 3300 4700 6800 I1F (Polarized) 
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Where for Lowpass: RCI We = kL and RC2Wc = k2~ 
For Highpass: RLCWe = llkL and R2Cwc = 1Ra. 
Higher-order filters use cascaded stages . 


