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QUESTION 1 (25 marks)

(a) Draw and briefly explain a block diagram of a generalized instrumentation system.

(8 marks)

(b) A load cell to be used to measure weight in the range 0 to 12 kg is tested and gave

the following output voltages.

Weight, kg 0.0 2.0 4.0 6.0 8.0 10.0 12.0

Output, mV 3.12 3.65 4.24 4.86 5.36 6.02 6.65

(i) Calculate the sensitivity and zero offset of the load cell.

(Smarks)

(ii) The output of this load cell is to be fed into an ADC which has an input

analogue signal range of 0 V to 5 V. Design a suitable circuit to interface the
load cell to the ADC.

(12 marks)
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QUESTION 2 (25 marks)

Consider the three-opamp configuration of an instrumentation amplifier (IA) shown in Fig. Q2.

The amplifier is used for amplifying the output ofa differential pair of electrocardiograph skin

electrodes fed in as signal inputs v; and v,. The opamps A1, A2, A3 may be assumed to be ideal.

(a) Ifthe IA is required to have as high a CMRR as possible, derive relevant expressions

(b)

differential gain G1 of the first stage (consisting of opamps A1 and A2) and differential gain

G2 of the second stage (consisting of opamp A3).

(10 marks)

You are required to design the IA given the following specifications:

Minimum differential signal from the input probes is 0.5 mV

Maximum differential signal from the input probes is 4.0 mV

Minimum peak output voltage required from the IA is 0.5V

Differential gain G2 of the second stage is 10 times the differential gain G1 of the first stage
R;=100kQ, R; =10 kQ and R; = 10 kQ

)

(i)

(iii)

V1

V2

Calculate the values of resistors R,, R4, Rs, and Rg. (10 marks)

If the amplifiers are capable of producing an output voltage of amplitude to within 1 V

of the power supply voltage without saturation, what should be the supply voltage for

the amplifiers to operate without clipping the signal. (3 marks)
How can the CMRR of the amplifier you designed be maximized during
implementation? (2 marks)
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QUESTION 3 (25 marks)

(@)

(b)

A temperature sensor with a sensitivity of 10 mV/ °C is to be used in a digital thermometer
with a range of 0°C to 100°C with a resolution of 0.5 °C or better. The ADC to be used has
a full scale analogue input range of 0 to 6 V.

(i) Determine the number of bits required in the ADC. (3 marks)
(i) Design an appropriate signal amplifying circuit for the sensor. (5 marks)
(iii) What actual voltage and temperature changes does the least significant digit

represent? (2 marks)

An ultrasonic transmitter and receiver for measuring the depth of a liquid in a tank is
mounted 0.4 m above the highest level of liquid in the tank. The bottom of the tank is 6 m
below the highest level of liquid. The depth of liquid in the tank is measured by evaluating
the time taken for a transmitted ultrasonic pulse to return to the receiver. A counter

operating at an appropriate clock frequency is used for evaluating the time. Assume that

~ the speed of sound in air is 331.5 m/s

(i) Ifthe resolution of the depth measurement is required to be 1 cm, determine the
number of bits required in the counter. (5 marks)

(ii) When measuring the ultrasonic pulse is sent at the same time as the counter is
preloaded with a number representing a full tank. The counter counts down until
the transmitted pulse is received back. The counter reading should then indicate
the depth of liquid in cm. Determine the required clock frequency and the number

which should be preloaded on the counter. (10 marks)
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QUESTION 4 (25 marks)

(a)

(b)

©

A strain gauge of nominal resistance 240 € and gauge factor 2.1 is bonded lengthwise to a
steel beam of length 16 cm and cross-section 12 mm by 5 mm. For steel Young’s Modulus
E =20.7 x 10" N/m® and temperature coefficient a = 0.003925 / °C. A force of 20 kg is
applied lengthwise to the beam.

(i) Calculate the change in length of the beam. | (4 marks)

(ii) If the strain gauge experiences a change in temperature of 15 °C, compare the change

in resistance due strain with the change of resistance due to temperature.

(6 marks)

(iii) Explain how you would use circuit arrangements to compensate for the effect of
temperature change when measuring strain. (5 marks)
Briefly describe one method of measuring flow of a liquid. (4 marks)

Explain why three or four leads are normally used for connecting a Resistance
Temperature Detector (RTD) to a circuit. (6 marks)
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QUESTION § (25 marks)

@)

()

©

Explain why temperature compensation is used in temperature measurements using

thermocouples. (5 marks)

Design a fourth order equal-component Sallen-Key lowpass filter with a cut-off frequency
of 1.2 kHz. You given that for a 4™ order Sallen-Key equal-component filter K=1.152
and 2.235. (10 marks)

Design a circuit to transmit a 0 to 5 V analogue signal over a 4 mA to 20 mA current
transmission loop. Assume that load is floating and that amplifiers saturate at £10 V.

What are limits of the load resistance at the receiver? (10 marks)
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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 33 4.7 6.8 nF Non-polarized
10 15 22 33 47 68 nF Non-polarized
100 | 150 | 220 | 330 | 470 | 680 nF Non-polarized
1 15 | 22 | 33 | 47 6.8 pF Non polarized

. | /Polarized

10 | 15 | 22 | 33 | 47 | 68 | pF | (Polarized)

100 | 150 | 220 | 330 | 470 | 680 pF (Polarized)

1000 | 1500 | 2200 | 3300 | 4700 | 6800 pF (Polarized)




