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INSTRUCTIONS:

i There are five cuestions in this paper. Answer any FOUR questions.

b2

Each question carries 25 marks.

3 Marks for different sections are shown on the right hand margin.
4. Show the steps clearly in all vour calculations including any assumptions made.
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QUESTION 1

(25 marksj

{(a} Explain the meaning of the following terms: )
i} Measurement. (2 marks)
{(ify Instrument. (2 marks;
(iiy  Accuracy (2 marks)
(ivy  Precision (2 marksi
(¥} Iriple point. 2 marks)

{(b) An instumentation amplifier circult is shown in Fig. Q.1b. For this amplifier
(i Derive an expression for the output voliage v, as a tunction of the resistors and

. input voltages, v, and v,. {10 marks;
(iy It Ry =R, =10 k(X and R, = R, =3 k(& determine the ouput voltage v, when the

mput voltages are: w, =497 V oand v, =503 V. (3 marks;
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QUESTICN Z (25 marks}

vhat is meant by cross-sensitivity of a sensor and give one practical example of it.
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(4 marks)

(b}  An ADChasan input range 8 to 5.00 %

(i} If s resolution is 26.8 mV. How many bits would be required to represent its
output” (3 marks)

(3 marks)

(i} Comment on the realization and construction chalienges in the case {11} above,

cl A solid state temperature senscr has a first-order order response with a time constant of

LS

3.5 5. The sensor is initially In steady state in an ambient temperatwre of 20°C . The

sensor is then suddenly immersed. at ¢ = &, inte a bath of liquid at temperature of 34°C .
(i} Find the output voltages of the sensor afier 6.5 s, 4.8sanud 8.5¢ (8 marks)

N 1,

(i} M we wish to read the bath temperature to an accuracy of at least 1%, how long

shoula we wait before taking a reacing? {4 marks;
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QUESTION 3 (25 marks)

{2} Explain why bridge circuits are commonly used in sensor conditioning circuits.

/-nf mar “L: /

(b} For the strain gauge sensor bridge circuit sbu\« nin Fig. €.3b. show 1l
1/AR | , _
Vo=2i — Vex (6 marks)
Lo R J
1
Fig. Q.3b
.

{b; With the aid of an illustration. show how the strain gauges in Fig Q3.5 would mounted
on the horizontal beam in Fig Q.3¢ in order to measure force. Show also how the strain
sauges would be connected wgether the resistors to form the briage circuit. (3 marks

RIGID BEAM
/ FORCE
Fig. (3.3¢
{d) 4 weigh bridge is made up with two matching strain gauges as shown in the bridge

circuit of Fig, ©.3b.  The strain sensitivity of each strain gauge 's given as 8.62
microstrain per kg (ue/kg) and the gauge factor is 2.1. For g bridge excitation volage

Fa

of 12 V. determine the sensitivity of the bridge circuit to mass (e, in uv/kg: /€ markss

(e) With the aid of an illustraiion. explain why some load cells based on strair, gauges ha

six wire jeads.
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{a) An instrument system consists of & pressure transducer with inpui range ¢ - 600 kPa and

o
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current converter which converts the trensduc € outpUT 10 & loop current in the rang

18C
fd

4-20 mA . Ananalogue milliammeter indicates the measured pressure in kPa.

L

(i} Draw a neat labelled biock diagram of the instrument svstem indicating the ranges

of the input and output of each block 7 marks)
(i} What is the overall sensitivity of the instrument system? (2 marks)

£}

(iii}  Determine the equation connecting the voltage-to-current converter output 1o iis

input. (5 marksi
(v What pressure is incicated whepn the milliammeter currentis 16 mA7T 74 marks
(v} plain why the foop current range starts from 4 mA instead of 0 m4&. (2 marks!

AT sensor is & two terminal temperature sensing device in which the current

shrough the device is proportional 1o absolute temperature.

device and it has a specification of 1 wA/K for any supply veltage

The device is used in the circuit shown in Fig. Q.4b,

: Tt ] i Sl 3 i tire variation from G°C to
(i) ind the range of voltage indicated as Vo, for temperature variation from 0°C to

100°C. Note that 6°K = -273.15°C., 73 marks)

{(ii) Design an opamp-based circult which would convert the temperature range ¢°C

| AD590
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QUESTION 5 (25 marks}

{a} The gairi response function\(g(?i vs f 1. of an m-pole Butterworth low pass fitter with cut

off frequency f, i

ling system, an interference signal at a relative frequency of 3 £, is to be

Ja

atienuated by at least 50 dB using a Butterworth anti-aliasing filter. Determine the

mintmum order of the Butterworth filter. (10 marks}

(b) ¢ the data given below to design a 4-pole, Butterworth low-pass active filter with cut off
requency of 8§00 Hz. 15 marks)

The following data applies to & unity gain Sallen-Key Lowpass and Highpass Configuration

active filters. Notice resistors are equal in lowpass and capacitors are equal in Highnass,

< 3
) i
¥ R 3? a
O\ by S et ig
[ =<
I 1=
Butierworth “Transitiona! Bessel Chebyshev (6.5 dB)
Poley k; 13} iy K k; k; ks £
1414 0.707 1.287 0,777 2907 0.680 1549 0.653
1.082 0.924 £.000G 0960 0.735 0.675 1582 1.29%
2613 0.383 2.206 0.472 1.612 0390 6233 0.180
6 1035 0.966 1.060 1001 0635 0610 3582 1.92¢
1484 0.707 1.338 076! 0723 0484 4907 0.374
3863 0.259 2721 0.340 1.073 0256 1340 .o
8 [.o19 0981 LOSY 1017 0.567 554 4.665 2547
1.202 (.B32 119t {1.876 0.609 0486 5502 &.530
1800 0.556 1613 0.615 0.726 0.350 8237 0.171
5128 0.195 3372 0.268 L1t6 0.186 2345 0.044

Sosrce. Brian K. Jones, Electronics for Experimentatior. and Research, Prentice Hall, Engiewood
Chiffs, NJ. 1986, By penmission of Prentice-Hall Intemational (UK Lad, London

-

Where for Lowpass: RCiwe = k1 and RCzwe = kz. Higher-order filters use cascaded stages

For Highpass: R1Cwe = 1/t and ReCwe = 1/kz. Higher-order filters use cascaded stages.



