Temperature and Wavelength – technical guide
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Students are asked to examine the effect that changing the temperature of a lamp filament on the percentage of infrared in the radiation emitted by the lamp.
They are not expected to give numerical values of temperature. The instructions remind them that the filament temperature increases as the current in it increases. 

(It is possible to estimate the temperature of the filament using an empirical formula that is a function of filament resistance.)

The results may be counter-intuitive to some students. Infrared radiation is “heat radiation” they are told, so they may reason that hotter objects give out proportionally more infrared radiation. The bulb obviously gives out more visible and infrared light as the voltage is increased. This can be seen and felt, respectively. What cannot be determined without carrying out the above activity is the change in proportion of each type.
We measured light levels with sensors from DJB, Pasco and Vernier. The IR filter (which blocks visible light) came from www.mutr.co.uk. 

Our method was as follows:

· Place the sensor facing the lamp. Turn the supply voltage to 12 V.

· Check the reading on the meter or logger to ensure that it is not saturated. If it is, move the sensor and lamp further apart. Note that some sensors have x1, x10 and x100 range switches.
· Note the reading.

· Repeat with the IR filter in place.
· Repeat for different voltages.

· Express the amount of IR as a percentage of the total radiation output for each voltage.

Uncertainties and general discussion
The detector may show a reading when the bulb is off, even if the experiment is carried out in darkness. Thus a “background value” may have to be subtracted from all readings. This background value is not necessarily the same when the infrared filter is in place.

 At low voltages, when the filament is relatively cold, the reading from the detector is small. If the sensor has a sensitivity control, this can be used to increase the reading. If not, the sensor and lamp can be moved closer together. The students may correctly remark that this is not a fair comparison. They should be asked to explain why, and could be invited to check whether, for a particular voltage, the percentage of IR changed with distance.

When taking readings, we initially used the digit display on the logger but this tended to fluctuate. We therefore logged for around 30 seconds and used the software’s statistical analysis function to find the mean. This software also gave the maximum and minimum readings and the standard deviation. These could be used, along with the number of readings, to estimate the uncertainty. For example:

Uncertainty = (max-min / number of readings)

Or

Uncertainty = 2 x (standard deviation / √(number of readings) )

The second method assumes a normal distribution of readings around the mean, in which case there is a 95% probability that the actual value lies within the range mean ± uncertainty.
We carried out this investigation using a 24 W ray box lamp, starting at 4 V and increasing to 12 V in steps of 1 V. There was a clear decrease in the percentage of infrared detected as the filament became hotter.
Context
This experiment is designed to reinforce understanding of Wein’s Law. It is assumed that students have, at some point in a physics course, produced a spectrum from a white light source and have determined that there is some radiation detected beyond red. They may have used a black bulb thermometer, electronic sensor or an adapted webcam for the latter. The activity should show that the amount of IR radiation detected decreases as a percentage of the total radiation detected when the source gets hotter. In truth, we can only really say that this is true with respect to the amount of radiation detected by our sensor. It is unlikely that these sensors can detect the full range of infrared, particularly the longer wavelengths.
