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ANSWER ALL QUESTIONS

1. Explain the purpose of calibration. Include in your answer calibration frequency and environmental factors.
[10 Marks]
An instrument will only conform to its given specifications after it has been calibrated.
It can normally be assumed that a new instrument will have been calibrated by the manufacturer prior to sale.
Over time and through use the operating characteristics of the instrument will change causing its behaviour to gradually deviate from the specifications for a variety of reasons.
There will come a time when the instrument will have drifted from its original specification by an unacceptable amount. When this situation is reached it is necessary to recalibrate back to the standard specification.
During calibration 
Calibration is usually performed by adjusting the instrument at each point in its output range until its output readings are the same as those of a second-standard instrument to which the same inputs are applied.
The second instrument is one kept solely for calibration purposes and whose specifications are accurately known. 


2. For the circuit shown in Fig Q2:
a. Describe the purpose of the circuit.
[2 Marks]
b. Explain the operation of circuit and the function of each component  
[8 Marks]
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Fig Q2

a) The circuit provides over voltage protection

b) For a positive input voltage, the Zener diode D1 will start to conduct when the voltage across it is greater than its Zener voltage, plus the forward voltage of D2 (which will be approximately 0.6V). Any voltage above Vz+Vf will be dropped across the resistor R1. Similarly for negative input voltages, D2 will start to conduct at voltages greater than its Zener voltage plus D1’s forward voltage, and the remainder will be dropped across R1.

Marks given for accuracy of answer and correct identification of actual clipping voltage (Vf + Vz)

3. For the transducer characteristics given in the table below, where X is the value of the measurand, and Y is the transducer output in volts. 

	X
	0
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	Y
	-2.71
	-0.69
	0.85
	1.79
	3.69
	5.04
	5.97
	8.32
	9.5
	11.33
	12.41



1. Plot the characteristics and draw a line of best fit.
[4 Marks]

1. Determine the maximum non-linearity of the transducer and express it as a percentage of full-scale deflection.
[2 Marks]
1. Calculate the sensitivity of the transducer.
[2 Marks]
1. Calculate the zero offset of the transducer
[2 Marks]



a) 


Marks for accuracy of plotting, labels / units.

b) Max non-linearity occurs at X=30. From line of best fit, Y should be approximately 6.5V.


c) 

d) Will accept either -0.271V from given data or -2.4V from line of best fit



4. Describe the key specifications you would consider when selecting a flow sensor.  Compare the flow sensor requirements for:
a) Controlling the amount of chlorine added in a drinking water chlorination plant.
b) Domestic gas smart meter allowing the customer to see how much gas is being used in their home.
[10 Marks]
Marks will be given for – sensor range (Physical flow rate range, electrical range), sensitivity, linearity, fluid compatibility – liquid / gas sensor, aggressive environments etc, response time, likely cost.  This is not a comprehensive list and other answers are also acceptable.


5. Explain the difference between random errors and systematic errors.  What are the typical sources of these types of errors?
[5 Marks]
Random errors are caused by variations in the measurement environment or the measurement instrument and can be caused by noise

Systematic errors are caused by changes in the instrument.  Examples of these systematic errors can include drift in sensitivity and scale

6. Explain the difference between accuracy and precision in relation to measurement instruments.
[5 Marks]

Precision is a measure of the spread of readings obtained by a measurement system when subjected to a single value of a measured quantity.

	Accuracy is a measure of the closeness of readings obtained by a measurement system to the actual value of the measured quantity.
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