640-381 Principles and Applications of Sensors

Problem Sheet 1 Solutions


Question 1: How is the sensitivity of a sensor defined?

The sensitivity is the derivative of the output with respect to the stimulus.  For a transfer function, S, the sensitivity, b, for a particular input value, so, is given by;
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Therefore, in basic terms, the sensitivity is simply the smallest fractional change in a device that can be measured.
Question 2: What is the difference between precision and accuracy of a sensor?

Accuracy is measured as the ratio of the highest deviation of a value represented by the sensor to the ideal value. So, it is the ability of a measurement to match the actual value of a quantity being measured.

Precision is a statistical measurement of repeatability. So, it is the ability of a measurement to be consistently reproduced.
Question 3: What is the difference between and active and passive sensor?

Passive sensors generate electric signals without energy consumption from electronic circuits.  Whereas, active sensors require an operating signal which is provided by an excitation circuit.
Question 4: Is there a difference between a transducer and a sensor? Give examples of each.

Yes, there is a difference between transducers and sensors.  A transducer converts energy from one form to another.  A sensor is a device that responds to an applied stimulus. Generally speaking, sensors are a subset of transducers.
Examples of transducers: human body, motor, piezoelectric, speaker…

Examples of sensors: thermocouple, thermistor, pyroelectric…
Question 5: How is the time response of a sensor to a changing stimulus characterized?
A way to specify time response is the time required by the sensor to reach 90% of a steady state or maximum level upon exposure to a step stimulus.

To the first order, the system response is characterized by;
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Where Sm is the steady state output, t is the time and (  is the time constant.

When t=(, 63% of the steady state output is reached. Similarly, when t=2(, 86.5% of the steady state output is reached; and when t=3(, 95% of the steady state output is reached.
Question 6: Give an example of a sensor which responds quickly to an increase in stimulus, but slowly to a decrease.
The GaN based UV Sensor from lectures.
Question 7: Define the following terms:
(a) Hysteresis

Hysteresis is a deviation of the sensor’s output at a specified point of input signal when it is approached from opposite directions.

***Picture***
(b) Dead band

The dead band is the insensitivity of the sensor in a specific range of input signals.
***Picture***
(c) Saturation

Saturation is exhibited when a sensor exceeds its operating limits.  That is, further increase in stimulus does not produce a desirable output. 
***Picture***
Question 8: List some environmental factors which may affect sensor performance.
Keep in mind that the term ‘environmental factors’ implies factors the sensor is not supposed to be aware of.


- ageing


- self heating errors


- long and short term drift


- the list goes on…
Question 9: The capacitance of cylinder of height H partially immersed in liquid is:
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Here b is the outer diameter of the cylinder, a is the inner diameter, is the dielectric constant of the liquid in which the cylinder is immersed and h is the level to which the cylinder is immersed in the liquid (ie h=0 is completely out of the water, h=H is completely immersed.

 
***Picture***
(a) If h =2cm, H=20cm, 0= 8.85x10 -12 C 2/Nm 2,  a=1mm, b=2mm, water=78.5, what is the capacitance of the cylinder?
Sub in all the values, checking units;
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Therefore the capacitance of the cylinder is 140.4 pF.
(b) How different is it to the value when the sensor is out of the water?

 
When the sensor is out of the water h=0cm, therefore;
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So, when the sensor is out of water there is about a factor of 10  difference.
(c) The sensor is to be used to measure the height of fluid. Discuss the performance of this sensor for this purpose.  Is the Transfer function linear? Is the sensitivity the same regardless of the fluid height?  Give an expression for the sensitivity.
***This is/isn’t suited well to this purpose?

The transfer function is linear. The sensitivity is independent of the fluid height.

To find an expression for the sensitivity, we take the derivative of the transfer function;
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So, the sensitivity, b, in units of meters, is given by;
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In water, the sensitivity is;
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(d) Is the sensor performance independent of what fluid it is immersed in? For example how sensitive would this coaxial level sensor be if it were used to detect the level of transformer oil, with dielectric constant (oil=4.5, instead of water?
The sensor performance is dependent on the dielectric constant of the fluid it is immersed in.

This coaxial level sensor in transformer oil would have sensitivity;
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Therefore, the sensitivity is better when using the transformer oil than when using the water.
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