[Source: Scientific American]



Complete this BEFORE the activity. Imagine you have travelled back in time, to the 17"
century. Scientists want to measure changes in weather, but they have no reliable way to record
how much colder or warmer one day is compared to another. These scientists do not have the
theoretical idea of “temperature” and they have never heard of a thermometer. Can you help
them build a rudimentary thermometer?

1. Explain:

(a) how they should go about building a thermometer (a very general description is fine); and

(b) what could potentially go wrong (what pitfalls to avoid).



Background

Liquid-filled thermometers have been used for centuries to measure temperature. They consist of a
liquid-filled reservoir at the end of a narrow tube. If the temperature of the liquid in the reservoir
increases, it expands and rises into the narrow tube. When the liquid cools, it contracts, allowing the
liquid in the tube to fall to a lower level. Therefore, high levels of liquid in the tube indicate a higher
temperature and low levels indicate a lower temperature. When calibrating the thermometer, the specific
temperatures corresponding to the levels of the liquid in the narrow tube are marked on the outside of the
tube. Now you understand how a liquid thermometer works, but why does it work?

Scientists refer to the tendency of matter to change volume as a result of a temperature change as "thermal
expansion and contraction." Gases expand and contract drastically. Fluids expand and contract, too, but
their volume change is more moderate. Even solids change volume when they are heated or chilled. For
example, bridges are a little bit longer on a hot day. The change in volume of solids is too subtle, though,
to work in an everyday thermometer. Now that you understand more about liquid thermometers, it's time
to get started actually making one!

Materials
e  C(Clear plastic drinking straw
e  Ruler
e  Fine-tipped permanent marker
e  Narrow-necked, small, plastic bottle with lid (Small bottles such as those for medicine, food-coloring or vanilla extract work well.)
. Water
e  Rubbing alcohol (Work in a well-ventilated room, and do not leave the bottle of rubbing alcohol uncovered.)
e A few drops or red, blue or green food coloring (Liquid food coloring works best.)
e  Paper towels
e  Modeling clay
e  Medicine dropper or syringe
e Small bowl
. Hot water
e  Ice cubes

e  Store-bought thermometer (optional)
Preparation
e Obtain a small, plastic bottle (these have already been washed).

e The clear drinking straw will become the narrow tube of your thermometer. Use a permanent
marker to make small marks on the straw, from the top down, at 1/8-inch intervals. These marks
will serve as level marks on your thermometer.

e Modeling clay will seal the bottle's neck and hold the straw in place. Mold the clay until it feels
soft and elastic; then form a ball and push it flat. This round flat piece of clay should be bigger
than the neck of your bottle. Use your straw to punch a hole in the middle of this round piece of
clay, just big enough to allow the straw to go through. Remove any clay clogging the straw.

Procedure

e Add rubbing alcohol to the bottle, filling it about halfway up. (Reseal the bottle of rubbing
alcohol immediately to minimize exposure to fumes and evaporation.)



Add a couple drops of food coloring to the alcohol, close the bottle and shake it so the liquids mix
well. Why do you think it is important to color the liquid?

Fill a medicine dropper or syringe with the colored rubbing alcohol. Carefully set the medicine
dropper or syringe aside, preferably on a paper towel in case any liquid leaks out. In case the level
of the liquid in your bottle dropped below one fourth of the way up, add a little more rubbing
alcohol to the bottle so the level is one fourth to halfway up the bottle.

Poke the straw through the hole in your modeling clay and place the clay on the bottle's neck so
the straw hangs in the bottle. Adjust the straw so the end is immersed in the liquid but does not
touch the bottom of the bottle. The majority of the straw will be sticking out from the bottle.

Use the modeling clay to seal the bottle opening and to hold the straw in place. Important: Make
sure the clay forms a tight seal around the straw and over the mouth of the bottle, but don't close
off the straw's opening. Air should not be able to enter the bottle. Can you think of a reason why
this is so important?

Drip the content of your medicine dropper or syringe—drop by drop—into the straw. What
happens? Does this fluid rise up the straw and stay there?

Because no air can flow out of the bottle the air pressure inside keeps the level of fluid constant
and a column of liquid can build up in the straw. Fluid running down the straw into the reservoir
indicates a failure of the seal at the top of the bottle. If this happens, make sure the clay forms an
airtight seal at the bottle's neck and around the straw and try again.

The fluid level in the column should reach about midway up the visible part of the straw. If
needed, use the dropper or syringe to add more alcohol (uncolored is fine this time) to the straw.

Observe the fluid level in the straw. This level indicates room temperature. Use the permanent
marker to make a small symbol indicating this fluid level on your straw.

To test the homemade thermometer, hold your hands around the base of the bottle and observe
what happens. Be patient, it might take a little time before the fluid in the reservoir adjusts to its
new situation. Does the fluid level in the straw change? Does it change a lot or just a little? Why
do you think this happens?

How much will the fluid level change as you heat up the reservoir considerably? Add some hot
water from the thermos to a small bowl and place your thermometer reservoir in the water. Give
the thermometer a little time to work. How does the fluid level in the straw change? Did it change
more than when you heated the bottle with your hands? Be sure to pay close attention and take
the thermometer out of the water bath if the fluid rises to a level close to the top edge of your
straw. What do you think could cause the fluid to flow over the edge of the straw? What could you
change in your thermometer to prevent this from happening?

What do you expect will happen when the reservoir cools down to a temperature below room
temperature?

Replace the medium-hot water in the bowl with cold water. Add ice cubes to the water so the
water cools to 0 degrees Celsius (32 degrees Fahrenheit). Place your thermometer reservoir in the
ice-cold water and let the thermometer adjust to its new situation. What happens? Is it similar or
different from what you expected? Could this measurement help you add a scale to your
thermometer?



Cleanup
To dispose of the rubbing alcohol in the thermometer, pour the alcohol down the sink with plenty of
running water. Flush well so no alcohol lingers in the pipe.



Complete these AFTER the activity. Imagine you have travelled back in time, to the 17®
century. Scientists want to measure changes in weather, but they have no reliable way to record
how much colder or warmer one day is compared to another. These scientists do not have the
theoretical idea of “temperature” and they have never heard of a thermometer. Can you help
them build a rudimentary thermometer?

2. Explain:

(a) how they should go about building a thermometer (a very general description is fine); and

(b) what could potentially go wrong (what pitfalls to avoid).



3. Now, imagine the scientists have followed your instructions, but they are still not confident
that this idea of “temperature” is real. With the thermometer they built, they find that the liquid
does NOT rise in the tube when they put the thermometer in hot water. How might they explain
this? How might you explain this?

4. Your friend’s hand feels a bit warmer than yours, but suppose the thermometer you built
shows the same temperature when you put your hands around it vs. when your friend does (this
is the problem). However, the liquid in the thermometer does rise when, e.g., you put the
thermometer in hot water. Can you explain this? How might you modify the thermometer to
overcome this problem?



