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Teacher resource 7 – How do you measure temperature on a volcano
Introduction
The video from the CSAV at the University of Hawaii shows students from the volcanology class obtaining temperature and viscosity data from a lava flow. But in what situations do geologists collect temperature data, what is temperature and are there general principles and procedures we should follow to collect representative geological data safely in the field and in the laboratory? 
Activity

NOTE: 2.1.1(c)(iv) Students should be able to demonstrate and apply their knowledge and understanding of the techniques and procedures used to measure mass, length and volume. This learning outcome also relates to 1.1.2 and 1.1.4 in module 1. The measurement of temperature is a context in which the students’ understanding of the scientific approach to data collection of physical properties can be developed. Students need to learn to take a scientific approach to taking and recording measurements they do not need to learn about the construction, operation and calibration of scientific instruments (there is a Cambridge Technical Level 3 in Laboratory Skills vocational qualification which does cover these areas of competence).

Watch the 2:35 minute video and make notes on how the students were collecting data and any safety procedures they were following. They are using two different techniques to measure temperature, one uses an analogue instrument (pole/thermocouple) and the other a digital instrument (‘gun’/pyrometer):

· Can your students work out how these techniques work?

The students are using a digital pyrometer and an analogue thermocouple to measure the temperature of the lava flow. Some details of temperature measuring instruments that the students could have chosen are summarised in the table (to be interpreted not memorised):
	Instrument
	How does it work?
	Operational range / °C
	Instrumental uncertainty
	Comments

	Bimetallic thermometer
	differential expansion of two metals
	0 to 500
	±1 %
	Slow response and requires regular calibration. Robust.

	Liquid-in-glass thermometer (alcohol)
	thermal expansion of liquid alcohol in a thin glass tube
	-70 to 78
	±0.1
	slow response, alcohol degrades with time

	Liquid-in-glass thermometer (mercury)
	thermal expansion of liquid mercury in a thin glass/quartz tube
	-36 to 800
	±0.1
	slow response, environmental hazard

	Pyrometer
	compares intensity of visible / infrared grey body emission at set frequencies
	0 to 3000
	±0.25% to ±0.4% of full range
	remote measurement. narrower the range more accurate the instrument

	Thermocouple
	measures voltage across two dissimilar metals joined at the tip (thermoelectric effect)
	-50 to 2500
	±2.5
	requires regular calibration and direct contact

	Resistance temperature detector
	measures temperature dependant changes in resistance in a wire 
	-270 to 850
	±0.1 to ±5
	rapid response but response changes over time


Discussion ideas:

· Have the students selected the most appropriate instruments (see table)?

· What are the students actually trying to measure (the temperature of the lava) and are they actually measuring this thing? Is their data valid? – are they measuring what they think they are measuring?

· The pyrometer outputs a digital reading while the thermo couple readings must be made from an analogue ‘voltmeter’. How will this affect the resolution of the instruments and the students’ ability to record temperature? – standard practice is to interpolate to one intermediate value on analogue instruments (e.g. ruler, compass, voltmeter)

· Is the instrument or the procedure used by the students more important in obtaining accurate measurements? – are they close to the true value of lava temperature?

· Do you think the pyrometer or the thermocouple will produce more precise measurements? – will repeats give results that are close to one another (i.e. good repeatability?

· The students found that they had poor reproducibility as the two instruments gave them different results. What could the students do to improve the reproducibility of their measurements? – both field procedures and calibration

· Laboratory thermometers are calibrated when they are manufactured by comparison with fixed point temperatures (i.e. triple point argon −189.3 °C, triple point water 0.0 °C,…  freezing point gold 1064.2 °C) by the manufacturer, however for recalibration most thermometers are only checked using an ice bath check (0.0 °C). What might cause the accuracy of a school laboratory thermometer to change and why would an ice bath check be sufficient? When were the school’s laboratory thermometers calibrated, and what method was used?
· Based on your evaluation of the students measuring lava temperature summarise the procedures you will need to use in making any scientific measurement.

· What checks would you use before using a 5 metre tape and compass clinometer (or any other scientific instrument) to take measurements on a fieldtrip?
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