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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. Explain how twisted pair cable and shielded cable can reduce noise within a system.
[5 Marks] 
Transmitting balanced signals over two wires which were twisted together ensures equal interference is added to the signal on each wire. When the signal arrives at the receiver, the voltage on one wire is subtracted from the voltage on the other wire and as both wires will have received approximately equal levels of electromagnetic interference, the interference will be removed during the subtraction process. Shielding wires with either braided wire, or foil can also reduce interference by blocking electromagnetic interference from inducing voltages on the central conductors within the cable.

3. The circuit shown in Fig Q3 is used to measure strain. The circuit is supplied by a constant 2.5 V, the resistors have the following values R1 = 100 kΩ, R2 = 1500 Ω, R3 = 1200 Ω. Calculate the resistance of the strain gauge if the measured voltage is 
-0.153V
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Fig Q3

[10 Marks]

As a Wheatstone bridge is effectively two potential dividers, we can use the potential divider equation to analyse this circuit


Substituting in values for the left-hand side of the bridge we get:


If the voltage on the right hand side of the bridge is 0.153V higher, this gives:










Substituing Values

4. Fig Q4 shows a simple signal conditioning circuit.  
a. Describe the function of the following circuit elements:
i. Network R4, D1 & D2
R4, D1 & D2 provide over-voltage protection by allowing voltages higher than the Zener voltage to be conducted to ground.
ii. U1A
U1A is a voltage follower, or a unity gain buffer
iii. U1B, R1, R2, R3	
U1B, R1, R2, and R3 comprise a summing (and inverting) amplifier
iv. RV1
RV1 provides an adjustable voltage to the summing amplifier 
[4 Marks]

b. What is the purpose of U1:A? Why might this be included in the circuit?
[2 Marks]
U1A, configured as a voltage follower ensures than there is a high impedance present on the input terminals of the circuit, minimising the loading on the sensor or transducer attached to it.

c. Given the Zener diode of 10 V, an input voltage of 3 V, and a voltage of -1 V present on the wiper of RV1; calculate the output voltage.
[4 Marks]
As the input voltage is far below that of the Zener diodes in the over-voltage circuit, and the voltage follower will not significantly affect the voltage, we can infer that the voltage on the output of U1A will be the same as the voltage input into the circuit.  We are now left with a simple summing amplifier whose output voltage is given by:

Inserting values gives:
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Fig Q4

5. The following table shows the output measurements of a voltmeter under two sets of conditions: used in an environment kept at 20°C, which is the temperature that it was calibrated at; and used in an environment at a temperature of 50°C

	Voltage readings at calibration temperature of 20°C 
(assumed correct)
	Voltage readings at temperature of 50°C

	10.2
	10.91

	15.3
	16.265

	20.5
	21.725

	24.9
	26.345



a) Determine the zero drift when it is used in the 50°C environment, assuming that the measurement values when it was used in the 20°C environment are correct.
[3 Marks]
Assuming the 20°C measurements are correct we can assume the equation is a straight line with gradient 1 and y intercept 0.

Taking the 50°C measurements, 
Sensitivity


Substitute to find zero for 50°C measurements.




Zero drift = 0.2 V

b) Calculate the zero drift coefficient
[2 Marks]
Zero drift = 0.2 V, Temperature difference = 50-20=30°C
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