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Instrumentation Task
Sensor Project

Introduction

For this experiment I am going to investigate the variation of the resistance of a
thermistor with different temperatures. The resistance will be tested at every 5
degrees, with a range from 90 C down to 5 C, and these results will be
recorded. After recording the results, the experiment will be repeated at a total
of 3 times, this is so we can get an average that should be correct and accurate.

Plan: Sensor circuit

The following below, are what are needed for me to complete my task:

¢ One thermistor

e Digital multi-meter with a setting to read resistance in Ohms to 2

decimal places

The sensor circuit’s purpose is to sense the change in temperature in a domestic
water tank. For example it will be able to sense and recognise when the water is
very close to boiling point and if it has dropped to close to freezing point. If it
gets to hot, the sensor would cause the heater to be switched off. If it gets too
cold, the sensor would cause the heater to be switched on, so avoiding the risk
of burst pipes due to freezing. On separate circuits there will be many
thermistors flooded in the water at different points, so we are able to find an
overall temperature in the tank. This is due to convection, which causes the
water to be hottest at the top and coldest at the bottom.

Variables

The variables are as follows:
Independent variables:

e The water temp: This will be allowed to change and measured using a
Thermometer reading to 1 degree.

e The volume of the water: This will be kept constant. Any loss by
evaporation will be assumed too small to effect results.

e The actual thermistor: Different thermistors may have different
responses so the same one will be used for all readings.

e The thermometer: Different thermometers may have different responses
so the same one will be used for all readings.
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e The multi-meter: Different multi-meters may have different responses so
the same one will be used for all readings.

e The speed the water cools at: If the water cools too fast then the
thermistor may not respond fast enough. In each of the repeat
experiments, the water will be assumed to cool at the same rate as room
temperature will be almost the same.

Dependent Variables:

e The resistance of the thermistor: This will be followed and recorded
every 5 C fall in the water temp.

Method
Apparatus

Firstly the thermistor is connected to the multi-meter.

For the next part the following shall be needed:
e A thermometer

A kettle

A large beaker

Ice

Salt

Our aim is to find the resistance, so firstly we make sure the settings on the
multi-meter is set to Ohm’s, the units for resistance. Next, fill up the large
beaker with boiling water, done straight from the kettle. Then place the
thermometer into the boiling water. Checking the temperature is slightly over
90C, ready for the thermistor to be placed in the beaker once it’s at 90 C. When
the temperature falls to 90 C, then the thermistor should then be placed into the
beaker, sunken underwater. Because there is a danger with the interaction of
water and electricity, it is important to either wear gloves or use a non-
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conducting material to hold the wires to the edge of the beaker. Letting the
water temperature fall through 90 C avoids the experimental error of trying to
hold the water exactly at 90 C.

Once the reading of the temperature is 90 C on the thermometer, read the
resistance on the multi-meter and record it, and every other time the
temperature drops by 5 C. To help us speed up the process, we can use cold
water or ice to drop the temperature. The water and/or ice must be thoroughly
mixed to ensure that it is all at the same temperature; otherwise the water
around the thermistor will be at a different temperature, to that around the
thermometer. Room temperature is at around 20-25 C, so once the water
reaches around this temperature, ice and/or cold water will have to be used to
drop the waters temperature. When the temperature reaches around 15 C you
begin to notice the temperature drops in small amounts and we want to find
results to from 90 C-5 C, so this is when you add the salt to the water. After
completing the task, repeat it another two times exactly the same to the first.
Now from three sets of results we can work out an average.

The thermistor

A thermistor is a semi-conductor metal oxide, which is used to sense the
alterations in temperature. It does this by altering its resistance, but not in
proportion to the change of temperature. When the temperature increases the
resistance of the thermistor drops, but not linearly. This is due to electrons in
the thermistor gaining more energy because of the temperature increase. They
then gain more kinetic energy i.e. a lot of movement, due to the temperature
increase. When the electrons have more energy they are then more free to
move. With more movement, conduction in the thermistor is easier as the
electrons that would have been in the way of the flowing current are now able
to contribute to the current. So if the temperature decreases, the opposite
happens and the resistance will increase.

Hypothesis

I predict, therefore that the resistance in any experiment will rise as the
temperature of the water falls.
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Results
Temperature Resistance Resistance Resistance Resistance
(C) (Ohms) (Ohms) (Ohms) (Ohms)
1st Results 2nd Results 3rd Results Average
90 70.7 721 77.2 73.3
85 81.2 79.3 87.2 82.6
80 88.9 84.2 96.4 89.8
75 100.4 94.0 1131 102.5
70 116.6 112.6 123.5 117.6
65 126.8 130.0 139.8 132.2
60 185.9 151.8 162.3 166.6
55 193.5 173.5 187.8 184.9
50 198.8 197.9 207.9 201.5
45 223.4 230.9 2351 229.8
40 249.2 268.4 216.1 244.6
35 349.2 400.2 2129 320.8
30 356.8 459.3 458.9 424.9
25 369.9 533.8 489.9 464.5
20 574.8 578.6 596.4 574.3
15 676.2 690.0 687.4 684.0
10 836.0 845.0 856.7 845.9
5 1000.0 1240.0 1126.0 1122.0

These results are shown in the graph on the next page

Evaluation of my system

The results are shown in the table to one decimal place, not two from the metre.
This is because the temperature can only be read to the nearest degree from the
thermometer and the level of accuracy to 1/100 of an Ohm is not appropriate.
The thermistor we are using has a resolution less than 5 C, and this is when we
can get the best results because during this temperature, the thermistor can tell
the difference between temperatures from its resistance a lot more accurately.
Therefore the Thermistor was suitable for this experiment and also the range
and interval of the temperatures were suitable for the experiment. The graph
shows that most points lie on, or close to, the line of best fit and therefore I can
conclude that the experiment worked well as the results fitted the predicted
pattern.

However anomalies can be spotted in the results, for example, the first results
for 35 C and 30 C do not fit with the second and third which are more alike.
Further repeats way avoid this inaccuracy. Another way to improve this
experiment would be to use computer data logging to follow the resistance at
all times and temperature, not just every 5 C. It could also be used to follow the
temperature falling as well. After this range it is unlikely that the system will
get the temperature right. If the temperature were to exceed, the domestic tank
would probably be of no use because the system needed to judge the
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temperature and respond if necessary might not be familiar with a dangerous
temperature in time, or may not respond at all, causing problems to the tank.
To improve this, we would use an Amplifier, which alerts the danger much
faster. A thermistors response time is usually slow, however, with the aid of an
Amplifier, problems will be alerted much sooner. It works by sensing on small
changes in resistance through the thermistor. The amplifier then picks up on
this, then amplifying the current at a much faster speed so the circuit responds
quicker. When the temperature exceeds 65 C or drops below 25 C, my circuit
will recognise this and respond by passing the information to an additional
circuit, which will respond by cooling or heating the water. Heating if below 25
C, or cooling if above 65 C.

My circuit would look like this. It’s a circuit from ‘Advancing Physics Al, IOP
Publishing’



