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Making a model out of a sensor
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Have you ever thought how do household
devices, such as refrigerators, air condition-
ers, electric irons and water heaters sense a
change in temperature? This is realized by a
tiny electronic component, a thermistor.

Thermistor is a specialized semiconductor re-
sistor and is temperature sensitive. Unlike a
traditional mercury thermometer, which re-
spond linearly to temperature changes, the
thermistor resistance changes non-linearly
with a change in temperature.

In this lab investigation, you will go a step
beyond measurements. You will learn how
a thermistor’s behavior can be described us-
ing a mathematical model. What begins as
a simple measurement becomes an interest-
ing exploration of curves, and the connection
between measurement and models. So let’s
get started.
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Figure 1: Scheme of the experiment to model the response of a thermistor.

Let’s make sure we have everything we need to make our setup which is shown in Fig. 1.

1. Thermistor 5. R probe

2. Thermocouple 6. PhysTherm
3. Hot plate 7. PhysLogger
4. Beaker 8. Retord stand

The setup for this experiment consists of a thermistor and a calibrated thermocouple placed in
a beaker filled with water. The beaker is placed on a hot plate. A thermocouple that measures
temperature T is connected to a PhysTherm to record and transfer temperature data to a
desktop using PhysLogger for further analysis.

In parallel, the resistance R of the thermistor is measured using an R-probe connected also to
the PhysLogger. We want to build a “model” that tells us the temperature from the resistance,
so that we can use the thermistor stand-alone in future experiments, without having to take
parallel measurements from a thermistor being used as reference.

What does the data say?

Let’s turn on the hot plate, and proceed with settings provided in Appendix to measure change
in temperature (7") registered by the thermocouple and resistance (R) of the thermistor, over
time.



[Q 1]. Make a sketch of how you predict the R and T" behavior with time (¢) for present setup.
Is your answer one of the following? Or any thing else?
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In order to validate your intuition, perform the following tasks.

[Q 2]. Plot the measured T versus t.

[Q 3]. Plot the measured R versus t.

[Q 4]. What kind of graph would you like to make between R and T'?

[Q 5]. For example, how would a graph between {1/7'} and {R} look like?

[Q 6]. Similarly, how would a graph between {1/7"} and {ln R} look like?

The key ideas is that the same data when plotted differently, can provide different shapes of
graphs. One shape can be more intuitive than another.

At the outset, your task is to make a model that related the temperature to the resistance.
The model is a function taking R to {1/7'}:

== (R) (1)
For example, we propose three models:
= = B(uR), @)
1
T = A+ B(InR) (3)
1
7 = A+ B(InR) + C(In R)?, (4)
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where A, B and C' are constants determined from nonlinear fitting.

[Q 7]. From your data, estimate coefficients A, B, C' in the proposed models using nonlinear
curve fitting model the thermistor response. What is your finding” Which one of these,
(2), (3) or (4) is a better model?
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Appendix

PhysTherm and R Probe setting

In the PhysLogger desktop application , select
PhysLogger and then click Continue. Go to Measure.
Ensure PhysTherm and R probe are connected to
analogue input channels of PhysLogger.

| want to

Select Temperature, and appropriate temperature

s a 5N range, then Proceed.
4

Measure Control Create Explore MeOSUre TemperGTUI‘e

Channel B o
Input Temperature Range
[-260 °C, 750 °C] >1 °C resolution
C [-260 °C, 200 °C] <1 °C resolution D) Chanrel D
[-20 °C, 20 °C] <.0.02°C resolution

Channel C

Measure Resistance

Channel D

Select Resistance to interface R probe and select
mentioned range, and then select Proceed.

R Probe Range

canoe — e Select a preferred display layout
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Click on Start PhysLogger. Here you all set for
data visualization using PhysTherm and R probe. 2 TAVA

Back Start PhysLogger



