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INSTRUCTIONS: ANSWER ALL QUESTIONS

1.(a)  With the aid of block diagrams, briefly explain the operation of the following ADC systems.

(i) Ramp ADC [4mks]
(ii) Dual slope ADC [4mks]
(iii) Successive approximation ADC [4mks]
(iv) Flash ADC [4mks]
(b) By using the successive approximation method, show how an analogue voltage of 12.8V is )ém
determined using a 8-bit ADC ’ [2mks]
(c) What is the resolution of the above ADC? [2mks]

2. (a) Name and briefly explain desirable and undesirable static characteristics of a measuring
instrument/ system. © [14 marks]

(b) The output of a Ii‘near voltage differential transformer (LVDT) is connected to a 10V voltmeter
through an amplifier of gain 500. The voltmeter scale has 100 divisions and 0.5 of a division can be
read. An output of 6mV appears across the terminal of the LVDT when the core is displaced through
a distance of 2.0mm.

(i) Draw a functional block diagram of the instrument. [3 marks]
(ii) -Calculate the sensitivity of the LVDT [1 mark]
(iii) Calculate the overall sensitivity of the instrument. [1 mark]
(iv) Calculate the resolution of the instrument in mm. [1 mark]

3. With the aid of diagrams, briefly explain the construction and operation of the following
displaydevices:- '
(i) LED (D) LCD (i) Electroluminescent displays (EL) [10 mks] E

---End-



e

;‘i ﬁxf; =10, what M@dﬁ«j&fﬁﬂﬂf e
0 ap e cored 11 E0 dhany
| o Wﬁfﬂj’“ e

p«a—m-éffo s % e ;_z uHz 1 »ﬂ

?‘CLL& ’(2,6 i{’éﬁ&rt +E5; G’/Lfé’ Lot
"L“'(P ﬁc f{ ? éa bf} {L{P

@}Cb ;:Jmfﬂe 9

Given Ge alt- pass 7;44%6,1 "gﬂ ’Cé{
bé—iﬁw ﬁ“@'éﬂ:f{\,ﬂ;ﬁg ﬂf‘f Phﬁ{ﬁrg \-(_}g”




pelows  Kang = SCFL My 25 gl
,ﬁﬂéj c.i = Qg &0 il’*t{".cé N, 15"‘/ oy

AT anR W Yy SRRt
L ane kare at TUHE.



ICEN 322

EGERTON UNIVERSITY

SRTON UNR
UNIVERSITY EXAMINATIONS
SECOND SEMESTER 2007/2008

YEAR THREE EXAMINATION FOR THE DEGREE OF BACHELOR OF SCIENCE
IN INSTRUMENTATION AND CONTROL ENGINEERIG

ICEN 323 — PRINCIPLES OF MEASUREMENT SYSTEMS |

STREAM: Y352 TIME: 2 ), HRS
DAY: FRIDAY, 12.00 - 2.00 P.M. DATE: 13/06/2008
INSTRUCTIONS.

Attempt any FOUR of the following SIX questions.
All questions carry equal marks.

Q1. x (@) State the disadvantages of mechanical sensors over electrical sensors.
(2 marks)

(b) (i) What does the initials 1.S.E stand for in reference to
electrochemical sensing elements.

(ii) State one important industrial application of .S.Es. (2 marks)

(c) Use diagrams and equations to describe the principles of operation of
the following sensing elements:-

L™ Thermocouples
2. Capacitive displacement sensor
3 Linear Variable Differential Transformer (LVDT)
(12 marks)
(d)  The resistance of a platinum resistance coil is given as 80Q at g c.
Find its resistance when its temperature is raised to 40°C given that its
temperature coefficient of resistance is 0.0039°C™. (4 marks)

x Q2. (a) State the four main characteristics of an opamp which makes it
attractive for use in measurement circuits. (2 marks)

{b) Draw the basic circuit of an instrumentation amplifier and derive its
= ‘wioltage gain. (10 marks)
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You are provided with two 741 opamps, 1KQ, 2.2K0, 10KQ, and 22K0O
resistors. Design an amplifier circuit that can pe used to amplify
+50mV to give an output of +5V. Show all the necessary design
calculations in Yyour answer., (8 marks)

State the disadvantages of a weighted Resistor DAC over an R/2R
ladder network DAC. (3 marks)

equation for the output voltage when all the input digital bits gre "
Use an opamp in your circuit and assume 3 4-B|T converter. (7 marks)

Use a block diagram to explain the operation of a counter type ADC, |
(10 marks)

Use a potentiometric Sensor to explain the effect of loading on the
Mmeasured value or quantity. Use appropriate diagram and necessary
eXpressions in your answer. Derivations are not necessary. (8 marks)

State how loading errors can be minimized in measurement circuits.
. (2 marks)

A potentiometer has 10V d.c connected across its track terminals. If
the total resistance of the track is 1KQ, find the non-linear error
produced when a load of 10KQ is connected across the ouiput
terminals with the potentiometer wiper (slider) at mid-point of its
maximum displacement. (6 marks)

Define the following terms as used in measurement systems:-

(i) Systematic errors
(ii) Random errors
(i)  Static characteristics
(iv)  Dynamic characteristics
(4 marks)

Use a suitable diagram to explain the principles of Ooperation of g
variable reluctance transducer used io Mmeasure a displacement. Show
all the necessary €quations in your answer. (10 marks)

Draw the basic circuits of the following:-

Low — pass Butterworth filter
2. High — pass Sallen and Key filter

Quiote the equation for the cut-off frequency in each case.
: (5 marks)
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Use suitable response characteristics (graphs) to illustrate the

difference between 1%t order and ond grder elements. State a practical

example in each case. '
(5 marks)

Define the terms Accuracy and Resolution as applied to data
converters. (2 marks)

Use a basic integrator circuit to explain the basic principles of
operation of @ Dual Slope ADC. State its advantages OVer the Single

Slope ADC. (8 marks)
Use a block diagram to explain ihe operation of a successive
approximation ADC. (10 marks)
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1. (a) With the aid of diagrams, explain the construction and operation of the following

transducers:-

(i Linear variable differential transformer (LVDT) [4mks]
(ii) Piezoelectric crystal ' [4mks]
(iii) Parallel plate capacitance [4mks]
(iv) ‘Stain gauge [4mks]

The resistance R, kQ of a thermistor at 6 K is given by:

| |
R.= .68 exp| 3050} ———=
“ XP{ (e zgsﬂ - O

\ ; TR
i b {z\) i \'-— \, .f( a oo P
The thermistor is incorporated inte the deflection bridge circuit shown in F@Pﬁbﬁ‘ N> 27
(a) Assuming that Fo is measured with a detector of infinite impedance, calculate: |

(i) therange of Py corresponding to an input temperature range of 0 to 30 °C; o \W
(i) the nonlinearity at 12 °C as a percentage o full-scale deflection. ‘ /‘ |
(b) Calculate the effect on the range of ¥y of reducing the detector impedance to | k€. \ /;’
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(a)

mathematical operations:-

Scale change (division/multiplication)

Show from 1* principles how the op-amp can be used to perform the following

[2mks]
[2mks]
[2mks]

[2mks]

List 4 characteristics of an IA and in each case explain why the characteristic is

(i)

(i) Integration
(i) Differentiation
(iv) Subtraction
(b)(1)

desirable

(ii)

[2mks]

Draw the diagram of an A.C |A and derive an expressiop for its voltage gain.
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