Herschel Infrared Experiment http://coolcosmos.ipac.caltech.edu/cosmic_classroom/classroom_activitie...

PURPOSE/OBJECTIVE: To perform a version of the experiment of 1800, in which a form of
radiation other than visible light was discovered by the famous astronomer Sir Frederick William
Herschel.

BACKGROUND: Herschel discovered the existence of infrared light by passing sunlight
through a glass prism in an experiment similar to the one we describe here. As sunlight passed
through the prism, it was dispersed into a rainbow of colors called a spectrum. A spectrum
contains all of the visible colors that make up sunlight. Herschel was interested in measuring
the amount of heat in each color and used thermometers with blackened bulbs to measure the
various color temperatures. He noticed that the temperature increased from the blue to the red
part of the visible spectrum. He then placed a thermometer just beyond the red part of the
spectrum in a region where there was no visible light and found that the temperature was even
higher! Herschel realized that there must be another type of light beyond the red, which we
cannot see. This type of light became known as infrared. Infra is derived from the Latin word for
"below." Although the procedure for this activity is slightly different than Herschel's original
experiment, you should obtain similar results.

MATERIALS: One glass prism (plastic prisms do not work well for this experiment), three
alcohol thermometers, black paint or a permanent black marker, scissors or a prism stand,
cardboard box (a photocopier paper box works fine), one blank sheet of white paper.

PREPARATION: You will need to blacken the thermometer bulbs to make the experiment work
effectively. One way to do this is to paint the bulbs with black paint, covering each bulb with
about the same amount of paint. Alternatively, you can also blacken the bulbs using a
permanent black marker. (Note: the painted bulbs tend to produce better results.) The bulbs of
the thermometers are blackened in order to better absorb heat. After the paint or marker ink
has completely dried on the thermometer bulbs, tape the thermometers together such that the
temperature scales line up as in Figure 1.
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Figure 1

PROCEDURE: The experiment should be conducted outdoors on a sunny day. Variable cloud
conditions, such as patchy cumulus clouds or heavy haze will diminish your results. The setup
for the experiment is depicted in Figure 1. Begin by placing the white sheet of paper flat in the
bottom of the cardboard box. The next step requires you to carefully attach the glass prism
near the top (Sun-facing) edge of the box.

If you do not have a prism stand (available from science
supply stores), the easiest way to mount the prism is to cut
out an area from the top edge of the box. The cutout notch
should hold the prism snugly, while permitting its rotation
“N /X aboutthe prism's long axis (as shown in Figure 2). That is,
the vertical "side" cuts should be spaced slightly closer than
the length of the prism, and the "bottom" cut should be
located slightly deeper than the width of the prism. Next,
——— slide the prism into the notch cut from the box, and rotate
Figure 2 the prism until the widest possible spectrum appears on a
shaded portion of the white sheet of paper at the bottom of

the box. [To see images showing the setup, click here.]

The Sun-facing side of the box may have to be elevated (tilted up) to produce a sufficiently
wide spectrum. After the prism is secured in the notch, place the thermometers in the shade
and record the ambient air temperature. Then place the thermometers in the spectrum such
that one of the bulbs is in the blue region, another is in the yellow region, and the third is just
beyond the (visible) red region (as in Figure 3).
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Figure 3

It will take about five minutes for the temperatures to reach their final values. Record the
temperatures in each of the three regions of the spectrum: blue, yellow, and "just beyond" the
red. Do not remove the thermometers from the spectrum or block the spectrum while reading
the temperatures.

DATA/OBSERVATIONS:
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\ After 1 minute

\ After 2 minutes
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| After 4 minutes
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Note: Depending on the position of the prism relative to the Sun, the colors of the spectrum may
be reversed from what is show in the figures.

CALCULATIONS:

Compute the differences between the final temperatures measured in the spectrum and the
temperatures measured in the shade for the three thermometers.

TEMPERATURE DIFFERENCES

‘ ‘ Thermometer #1 (blue) Ther(r;;:gsx e ‘ Ther[)r;c;/rgﬁge:e#;?; gust
‘ Tspectrum ‘ ‘ ‘
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‘ Difference ‘ ‘

(Tspectrum - Tshade)

Calculate the differences between the final temperatures in each part of the spectrum.

| Tyellow - Tolue

‘ Tjust beyond red - Tyellow ‘

Tjust beyond red - Thlue

CLASS AVERAGE TEMPERATURES

Compute the average final temperature measured by the class in each part of the spectrum.

Sum of temperatures
(Tsum)

Total number of
observations (N)

Class average (Tsum) / N

Yellow portion of the
spectrum
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Compute the average differences measured by the class between the final temperatures in the
spectrum and the shade temperatures for the three thermometers.
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Sum of temperature

differences (Tsum) Class average (Tsum) / N

|
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QUESTIONS: What did you notice about your temperature readings? Did you see any trends?
Where was the highest temperature? What do you think exists just beyond the red part of the
spectrum? Discuss any other observations or problems.

REMARKS TO THE TEACHER: Have the students answer the above questions. The
temperatures of the colors should increase from the blue to red part of the spectrum. The
highest temperature should be just beyond the red portion of the visible light spectrum. This is
the infrared region of the spectrum. Herschel's experiment was important not only because it
led to the discovery of infrared light, but also because it was the first time that it was shown that
there were forms of light that we cannot see with our eyes. As we now know, there are many
other types of electromagnetic radiation ("light") that the human eye cannot see (including
X-rays, ultraviolet rays and radio waves). You can also have the students measure the
temperature of other areas of the spectrum including the area just beyond the visible blue.
Also, try the experiment during different times of the day; the temperature differences between
the colors may change, but the relative comparisons will remain valid.

For further information on the Herschel infrared experiment see:
http://coolcosmos.ipac.caltech.edu/cosmic classroom/classroom activities
/herschel experiment.html

For further information on Infrared and Infrared Astronomy see:
http://coolcosmos.ipac.caltech.edu/cosmic classroom/ir tutorial/index.html

If you wish to have your results posted online you may send them to
outreach@ipac.caltech.edu
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