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ANSWER ALL QUESTIONS

1. Define the following terms:
a. Transducer
[2 Marks]
A device that converts variations in a physical quantity, such as pressure or brightness, into an electrical signal, or vice versa.

b. Accuracy
[2 Marks]
The degree to which the result of a measurement, calculation, or specification conforms to the correct value

c. Precision
[2 Marks]
Precision describes an instrument’s degree of freedom from random errors, and hence the range of readings obtained when all measurement conditions are constant

d. Repeatability
[2 Marks]
Repeatability describes the closeness of output readings when the same input is applied over a short period of time when the measurement conditions are kept the same

e. Reproducibility
[2 Marks]
Reproducibility describes the closeness of output readings when the same input is applied when there changes in measurement conditions

f. Range
[2 Marks]
The range or span of an instrument defines the minimum and maximum values of a quantity that the instrument is designed to measure.

g. Nonlinearity
[2 Marks]
Nonlinearity is a measure of deviation from a truly linear response

h. Resolution
[2 Marks]
Resolution is the lower limit on the magnitude of change in the input that produces an observable change in the instrument output

i. Sensitivity
[2 Marks]
Sensitivity is a measure of the change in instrument output that occurs when the quantity being measured changes by a given amount.

j. Hysteresis
[2 Marks]
The phenomenon in which the value of a physical property lags behind changes in the effect causing it.


2. For the circuit shown in Fig Q2:
a. Describe the purpose of the circuit.
[2 Marks]
The circuit is for over voltage protection
b. Explain the operation of circuit and the function of each component  
[8 Marks]
When the input voltage exceeds the forward voltage of the diodes, they start to conduct, maintaining a constant voltage dropped across the diodes. The remaining voltage is dropped across the resistor. 
R1 provides a resistance to drop excess voltage across.
D1 provides a path for negative voltages greater than the forward voltage of the diode.
D2 provides a path for positive voltages greater than the forward voltage of the diode.
[image: A diagram of a circuit

AI-generated content may be incorrect.]
Fig Q2



3. The calibration of a pressure sensor with a range of 0-16 bar is checked by applying known inputs to it in steps of 2 bar.  The following measurements were obtained:

	Known input pressure (bar)
	0
	2
	4
	6
	8
	10
	12
	14
	16

	Output reading (V)
	0.00
	0.55
	1.25
	1.70
	2.35
	3.30
	3.65
	4.05
	4.85



a) Draw a graph by plotting the data points on the graph paper provided and draw a best-fit straight line through the data points. Use the graph to calculate:
[2 Marks]

Marks for labels, units, scale, accuracy
b) The measurement sensitivity of the pressure sensor
[4 Marks]
From the line of best fit:

c) The maximum non-linearity apparent in the measurements as a percentage of the full scale deflection.
[4 Marks]
Maximum non-linearity is at a pressure of 10 bar. Output reading at 10 bar is 3.3V, from straight line output at 10 bar should be 3V.
Maximum non-linearity = 0.3V



4. Describe the key specifications you would consider when selecting a temperature sensor.  Compare the sensor requirements for:
a) Controlling the temperature of a commercial bakery oven.
b) Monitoring the coolant temperature in a petrol engine.
[10 Marks]
An accurate description of the specifications required for each application.  These should include: measurement range, precision, sensitivity, linearity, cost, environmental compatibility, resolution, drift coefficients.  The actual values given for parameter are not of absolute importance, more important is the student’s ability to discern the required differences for the transducer in each application.

	Parameter
	Oven
	Engine

	Measurement Range
	20 to +350°C
	+40 to +120°C (But must be able to withstand sub-zero temperatures without providing accurate measurements)

	Precision
	Needs to be fairly precise 
	Does not need very high level of precision as only for indication purposes

	Sensitivity
	Should have high sensitivity
	Sensitivity 

	Linearity
	Should be highly linear
	Linearity not as important

	Cost
	Low
	Low

	Environmental compatibility
	Must be able to measure gas temperature
	Must be able to be submerged in hot non-corrosive liquid

	resolution
	Medium resolution
	Low resolution

	Drift coefficients
	low drift
	Low drift






Diwedd/End

Output reading (V)	0	2	4	6	8	10	12	14	16	0	0.55000000000000004	1.25	1.7	2.35	3.3	3.65	4.05	4.8499999999999996	Pressure (bar)


Output Reading (Volts)
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