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INSTRUCTIONS

e This paper contains FIVE questions.
e Answer QUESTION ONE [COMPULSORY] and any other TWO QUESTIONS.

QUESTION ONE [COMPULSORY 30MKS]

(a) (i) What do you understand by transducer/sensor loading effect? [2mks]

(ii) The figure below shows a potentiométer displacement transducer

Where R, Q= Total resistance of the potentiometer.

X ——;‘is the fractional displacement

Ri=Load connected across the potentiometer.

“Transforming Lives through Quality Education”
EgertonUniversity is ISO 9001:2008 Certified

Page 10f4




image2.png
(iii)

® O

()

ICEN 323

Obtain Thevenin’s equivalent circuit across terminals A and B ™ [4mks]
Derive an expression for the voltage across the load (V1) [2mks]
Use the results in(a) above to show that the loading error N(x) is [3 mks]
_ Vs(x*(1-x)Rp/Ry,
N = 1+Rp/Rpx(1-x)
If I;—P « 1, show that N(x) max = 15 ‘;—P% ? 2 mks]
L L

(iii) Sketch a graph of%versus X for 2—z=0, 0.5, 1.0 and comment on the shape of the graph
5 ;

(i)

®) @

©

¢ 4 mks]
A 100mm range potentiometer (i.e. X=100mm) is to be connected to a LOKQ

recorder. If the maximum non-linearity must not exceed 5%,calculate a suitable
value of Rp. 2mks]

State and briefly explain 4-main characterjstics that may affect an op-amps

DQ perfonpa{lce 4mks]
State and briéﬂy explain 3 main characteristics that may affect an op-amps AC
performance [3mks]
Differentiate between the following: - [4mks]
(1) Transauger and, sensor-

(ii)  Passiveand active transducer
(iii)  Accuracy and pregision, |

(iv)  Resolution and threshold -

QUESTION TWO (20 MARKS)

(2) Define the following with respect to an OP-AMP  and state the units for each

@
(@v)

(®)

[6mKks]
input offset voltage (ii) CMRR (iii)  slew rate
input offset current - (v)  input bias current (vi)  unity gain frequency

A student made the measurements shown in Figure Question 2(b). Determine the
CMRR of the op-amp used [4mks]
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Figure question 2(b)

(¢)  Show from first principles how the op-amp can be used to perform the following
mathematical operations:-

1) Scale change (division/multiplication)

s = .

(i1) Integration : 7/ -
Y (i) Differentiation

(iv)  Subtraction

_ %)  Addition [10mks]

QUESTION THREE (20 MARKS)

(a) With the aid of diagrams, explain the construction and operation of the following

transducers:-
v (i) Strain gauge 4mks]
/ (ii) Piezoelectric crystal 4mks )
- (i) Rotary Potentiometer [4mks]
() (1) Explain the need for modulation [3mks]\
(if)  Differentiate between amplitude and frequency modulation 2mks ‘

@ Briefly explain how Amplitude modulation (AM) is used in instrumentation to )

amplify slowly varying signals such as outputfrom strain gauges. 3mks] /

‘9\0’5 ,&y '
QUESTION FOUR (20 MARKS)' m, 2\,9’ 5} @gw“
u{ WS

// %)
(a) Briefly describe any 4 display aﬁd any 4 recordmg Qevices that you know 8mks

(b)Implement the algebraic equation A = 5x — 7y 4+ 5z + 5 using a minimum number of
op- amps (assume the following voltage sources are available:- x, y, z and 15V dc)

[use 10K resistors for All input resistors] e [6mks]
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{c)Draw the diagram of an A.C instrumentation amplifier (A.C TA) and derive an expression

Tor i:tskvqltage gain. gmﬁs]

QUESTION FIVE (20 MARKS)

E 2 “With the aid of a static characteristics tree, name and briefly explain desirable and
undesirable static characteristics of a measuring instrument/ system [14 mks]
b) The output of a linear voltage diffeﬁpntial transformer(L\VJDj) is connected to a 10V
voltmeter through an amplifier of gain 500. The vol,t}meterrscale has 100 divisions and 0.5,
ofa divi'sio;ls< can be read. An outpuf of 6mV apf)ears across the terminal of the LVDT

(s X

when the core is displaced through a distance of 2.0mm. -

==

%, Draw a funcliox}al block diagram of the instrument \/ o [3 mks]
if) Calculate the sensitivity of th‘i.Dﬁ [1 mk]
“1ii)  Calculate the overall sensitivity of the instrument [1 mk]
/ iv) Calculate the resolution of the instrument in mm. [1 mk]

—
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