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Station A

Inspect the materials: A tiny room (box) with two chimneys. A glass window that can be slid to the
side. It also has a fire place (candle).

Procedure: Record data and observations

e Slide the window open.

e Light the candle.

e Carefully place the candle underneath one of the chimneys. Close the window.

e After about a minute, light a piece of incense. Hold the incense just inside the opening of each
chimney and watch the flow of smoke.

e Using a digital thermometer, test the temperature of the air at the opening of both chimneys.

e Blow out the candle.

Immediate question: When you have a fireplace in the house, where does a lot of the heat go?
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Station B

Inspect the materials: A ring of clear tubing connected with a T joint. Note that the joint tilts out of the
plane of the ring. There is also a bottle of food dye.

Procedure:

o Fill the ring completely with water: Take it over to the sink. Remove one side from the T joint.
Fill the tube as much as possible, re-attach the joint (tilted), and finish filling with a plastic pipet
so that the ring has unbroken water, but the open part of the T is air. There should be no large
bubbles around the tube.

e Carefully so there are no spills, lay the ring flat on a bench top (this is why the T joint is out of
the plane of the ring (so the water stays in the ring).

e Add several drops of food dye into the open part of the T. If necessary, add a little water to
rinse the dye into the ring.

e Thering is still flat. For reference, consider the T position to be 12 o’clock. Use the heat gun to
warm the tubing at 3 o’clock. Observe what, if anything, happens to the location of the dye.

e Pick the tubing up at the T joint and hang it between two clamp/ring stands with the T at the
top. Use the heat gun to warm the tubing at 3 o’clock. Observer what, if anything, happens to
the location of the dye.

o Take the tubing to the sink, tilt or detach one side of the T to let the water run out, attach the
hose to the water faucet. SLOWLY turn on the water to rinse the dye out of the tubing.

Immediate question: You should see dye movement only when the tubing is vertical. What change in
property of the water is caused by the heat gun to cause this movement?
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Station C

Inspect the materials: Taped to a piece of paper are pieces of thermochromic paper with different
temperature zones; black, green, red, and white paper, overlapping each other. Red laser pointers

CAUTION: Laser light is disorienting and potentially harmful if it is directed or reflected into the eye.
Procedure:

e Predict how bright the red laser spot will look on each surface: white, black, red, green.

e Shine the laser onto the white surface. With the spot still on, slide the spot onto the black
surface. What happens to the brightness of the spot? Slide spot back and forth to confirm. Is
the change in brightness what you predicted?

e Repeat this process comparing the white surface and red surface.

e Repeat this process comparing the white surface and green surface.

e Repeat this process comparing the black surface and green surface.

e Hypothesis: If laser light carries energy, and if a surface absorbs the light, the energy must be
deposited there. Use the thermochromic papers to test this hypothesis. The three pieces of
thermochromic paper have change regions of 15-20 °C, 20-25°C, and 25-30°C. Be patient. Only
one of the papers might respond.

Immediate question: Complete these sentences: When an object has a red color, it (absorbs/reflects)
red light well. When an object has a green color, it (absorbs/reflects) red light well. When an object
absorbs light, the energy in the light may be converted to ........
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Station D

Inspect the materials: A handheld infrared light detector. A heat lamp. A regular light bulb. The glass
door of a fume hood.

Procedure:

o Test the IR “thermometer” by pointing it at various surfaces and seeing what temperature it
shows (can use C or F scale): test someone’s hand, inside someone’s mouth, a surface
inside the room, the surface of one of the outside windows. Any object emits radiation
dependent on its temperature because of the vibrations of the atoms and molecules. This
device detects infrared, which is a major part of the radiation from objects in the range of 0
°C to several hundred °C.

e Aim the sensor at anything that is not at room temperature. Then hold a notebook in the
line of sight. Note how fast the reading changes.

e Turn on the IR lamp. Aim the IR sensor directly at the IR lamp. Slowly sweep the aiming
point across the lamp to see where the highest temperature can be found. Record that
temperature. Do the same for the regular light bulb.

e Position the heat lamp or light bulb next to the glass door of a fume hood. Point the heat
lamp horizontally and parallel to the glass door. You should be able to position yourself so
you can see a reflection of the light off the glass door.  Aim the IR sensor at the lamp until
you can see the maximum temperature. Record that. Point the sensor toward the
reflection of the lamp in the glass door. Move the sensor back and forth. Can you detect
that the heat from the lamp is bouncing off the glass door? [If the glass door doesn’t work,
dry a sheet of aluminum foil.]

Immediate question:  What evidence did you see in this activity that tells you that this type of heat is a
type of light?

Christopher F. Bauer, Principal Investigator
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Station E

Inspect the materials: a microwave oven and small beakers of water. This oven uses an electronic
component to create radiation that is farther away from visible light than infrared.

Procedure:

e Using a digital thermometer, test the temperatures of each small beakers of water. They
should be the same within a degree and close to room temperature.

e Check the temperature of the air inside the oven.

e Put one small beaker into the center of the microwave oven, set the time to 10 sec, and
start. Measure the temperature of the water and the air inside the oven afterwards.

e Put a different beaker of water into the oven, set the time to 20 sec, and start. Measure
temperature.

e Repeat for 30 sec, 40 sec, 60 sec. Use a fresh beaker each time.

Immediate question:  What evidence do you have that the water is not being heated by conduction of
heat? What evidence do you have that microwave radiation carries energy?

Christopher F. Bauer, Principal Investigator.
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Station F

Inspect materials: Computer station with PhET “Black body spectrum”. This station investigates
the radiation given off by solid or liquid objects simply because of their temperature and the amount of
atomic/molecular vibration that causes. You will explore the characteristics of this phenomenon.

Procedure:

¢ Note the variables on the two axes.

e Adjust the horizontal axis scale so you can see clearly where visible light and colors are.
Identify the shortes and longest wavelengths that humans can see. Infrared is to longer
wavelengths, and microwave is to even longer wavelengths. What region is to shorter
wavelength?

e Set the object temperature to that of the sun. What T is that in K (in °C?) Adjust the
horizontal and vertical axes until you can see most of the red curve. This shows the intensity
of light emitted because of the Sun’s surface temperature. Is the emission at a single
wavelength or a range? At what wavelength (color) is the maximum intensity? Why does
the sun look “white” to us (or even slightly yellow-green?)

o Note that the little dots on the display [ B G R star] change color according to how bright
we would see each color or how the total color would look to us.

e For astars hotter than our sun, what color coud they be? Betelgeuse is a red giant star.
About what temp would that star be?

e Set the horizontal axis to a range of about 1.5 micrometers. Pretend you turn on a heating
element on top of a stove. The temperature starts at room temp but increases to about
900 K. If you watch the burner element, you will see no color, then red, then yellow, and
then if you crank it, whitish. Explain that.

e The average temperature of Earth is about 300K. What wavelength range is Earth’s
blackbody emission range. What would happen to the planet’s temperatu is more visible
light arrived? If less IR light escaped.

Immediate question: What would happen to the temperature of Earth is more visible light arrived at
the surface? What would happen to the temperature of Earth is less infrared light escaped out into
space?

Christopher F. Bauer, Principal Investigator
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Station G
Inspect materials: A bell jar attached to a water aspirator; the jar contains a small inflated balloon.
Procedure:

e The bell jar is attached to a water aspirator. When you turn on the water, it draws air from the
jar (the balloon will inflate, indicating the drop in pressure outside the balloon).

e Shine a laser through the bell jar onto a piece of white paper. Note its brightness.

e Turn on the water, until the balloon indicates that the inside of the bell jar has a lower pressure.
Then shine the laser through the jar again. Is the intensity any different?

o If you're not sure, keep the laser light on and have someone release the pressure in the jar.

Immediate question:  Does light need matter present in order to “travel”?

Christopher F. Bauer, Principal Investigator.
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The experiments we did before break and the ones you did today demonstrate the fundamental ways in
which heat can move. There is convection, conduction, and radiation. Conduction is what you explored
before break and what you wrote about recently.

Activities A and B are about conduction. Develop a concise description of what conduction is that
encompasses what you saw, and how this process “moves heat”.

The other activities are about radiation. Develop a concise description of what radiation is and how this
process “moves heat”. Identify the fundamental ways in which movement of heat by radiation is
different from the other mechanisms by which heat moves.

Write these things down and bring with you to class on Thursday.

Christopher F. Bauer, Principal Investigator.
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