AOSC 634 Air Sampling and Analysis
AOSC 458R Special Topics

Experiment #2

Temperature: Measurement and Dynamic Response
Equipment:  Several mercury thermometers, thermocouples, bimetallic thermometer, ice bath, boiling water, digital volt meter, stop watch, ventilation fan, data acquisition system.

Objectives:

1. Measure the temperature of ambient air with the maximum possible accuracy.

2. Determine the uncertainty of the measurement.

3. Determine the dynamic response of two temperature transducers.

4. Calibrate and evaluate commercial (Davis Instruments Corp. Hayward, CA) met stations.

Procedure:  This first exercise will be performed together.   
1. Set up reference temperatures.

2. Calibrate two or more temperature transducers.

3. Locate your transducers to minimize errors such as from radiation.

4. Measure the outside air temperature. 

5. Find all the major sources of uncertainty and perform an error propagation.

6. Determine the response of two transducers based on different physical principles to a step change in air temperature.

7.  Set up the commercial met station next to your well characterized and calibrated thermometer.  Measure temperature over a broad range of conditions.  Develop a calibration curve and uncertainty analysis.  How do you like the commercial temperature sensor?

Hints:  Your main problem will be coupling the air to your temperature transducer, because air is a poor heat conductor.  In other words make sure you measuring the temperature of the air.  Consider too, that the air temperature is affected by microclimate.

To find the dynamic response, you will have to expose your "thermometers" to a step change in temperature.  The change in temperature should follow the following expression:

(Tt -T∞)/(T0  - T∞)   = e–t/(
where the ( is the time constant, and subscripts refer to the absolute temperature at time (t), the initial time (0) and the time after reaching the new temperature (T∞).

Try recording the time for given temperature changes, and then the temperature for given time changes.  Which provides a more precise estimate?  Plot the results, determine the order of your systems, and derive an expression for the dynamic response.

For the Report:  Your laboratory report should include a description of the procedure you followed, your raw and processed data, a detailed error analysis, and conclusions if any.  Literature references should be included where appropriate.  Use the format of the American Geophysical Union.  You should also answer the following questions:

1. Compare the precision, accuracy, sensitivity, range, and practicality of the sensors you used.

2. Compare your temperature reading to BWI recorded temperature, or other reported temperatures (e.g., Weatherbug) in the Washington area.  What do you think causes any disagreement?

3. Can you think of conditions under which you might prefer an instrument that is highly precise even though it is less accurate than some other instrument?
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