




Topics covered in this lab:

· Heat

· Temperature
· Energy

· Conductivity of heat
· Changing states of matter and latent heat
· Heat capacity
Experiment 1a:  Keeping Warm in the Winter
Materials:

· 2 winter hats

· 3 thermometers

When you walked over to Loomis to do this lab there is a good chance that you were wearing a warm jacket and hat and gloves (it’s winter out there, after all). Let’s see if we can measure how much a hat will warm you up.

The instructor will borrow the warmest looking hat in the classroom, as well as a less-insulated hat.  He will place one thermometer inside each hat, and one on the shelf, after recording the initial temperature of the thermometers.  Write this temperature here:

The hats will be left on a shelf (with the thermometers still inside) until the end of the class when we will read the temperature of the thermometers again. Your job is to predict what the reading of the thermometers will be at the end of the class. Write your guesses, along with a brief justification, below:

Experiment 2:  A Real Hands-On Lab
Materials:

· Warm water
· Cold water
· Lukewarm water
In front of you are three bowls. One contains warm water, one contains cold water, and one contains lukewarm water.  Put your LEFT hand in the COLD water and your RIGHT hand in the WARM water, and leave them in for 10 seconds.  Take both hands out at the same time, and immediately place both hands in the tub containing the lukewarm water.
How did the lukewarm water feel to your left hand?

How did the lukewarm water feel to your right hand?

We will now try to figure out why this happened.  Last week we discovered that all matter is made of tiny units called atoms.  An object’s temperature is simply a measure of how fast its atoms are moving or vibrating.  The faster an object’s atoms are moving or vibrating, the higher temperature it has.  How can this be?  The table has some temperature, yet you can’t see or feel it vibrating at all…
Well, the atoms of everything in the room are vibrating!  -Even the things you can’t see, like air.  The reason you can’t directly observe this vibrating is this:  Atoms are very, very, very, very, very, very tiny.  
Even the largest atoms have diameters of less than .0000000006 meters.  (Scientists call this 6 Angstroms or 6 x 10-10 meters.)  You cannot see the movement of the atoms because they move by such a small amount.  But how does this all relate to heat?  Perhaps we can find out by taking the following steps.
Using the description of temperature on the previous page, explain how the atoms in your left hand (cold water) were moving, compared to the way the atoms in your right hand (warm water) were moving.
Now compare these to the movement of the atoms in the lukewarm water.

When atoms move—or when anything else moves—scientists say that they have a certain amount of energy.  Children who have a lot of “energy” tend to run around quickly.  Atoms are not much different.  The atoms that are moving very quickly have more energy than those which move more slowly.  (There are several other forms of energy, but we will discuss those later.)
According to the definition of energy above, which of the following had MORE energy before you put them in the lukewarm water:  the atoms in your cold left hand or the atoms in your warm right hand?

When something warm and something cold come into contact with each other, energy will always flow from one to the other until eventually they are at the same temperature. This flowing energy is often called heat.
Now let’s go back to the lukewarm water.  When you took your right hand out of the warm water and placed it in lukewarm water, were the atoms in your hand moving faster or slower than the atoms in the lukewarm water?
Which way did energy flow in this case:  from your right hand to the lukewarm water, or from the lukewarm water to your right hand?

When you took your left hand out of the cold water and placed it in lukewarm water, were the atoms in your hand moving faster or slower than the atoms in the lukewarm water?

Which way did energy flow in this case:  from your left hand to the lukewarm water, or from the lukewarm water to your left hand?

Now can you explain how something can feel hot AND cold at the same time???
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Discuss your answer with other groups and your TA before moving on.

Follow-Up Questions:

1. Which way does heat flow, from hot to cold or from cold to hot?
2. Can heat ever flow in the opposite direction?  If so, give an example.  If not, hypothesize as to why it can’t.  Discuss this with other classmates.

Experiment 3:  Heat and Melting
Materials:

· thermometer

· plastic cup

· cold water

· ice

In this activity, we will hold a cup containing ice and water in our hands, and measure its temperature at different time intervals.  What do you think will happen to the temperature inside the cup as time passes by?

What do you think will happen to the ice as time passes by?

Place the ice cube in your paper cup.  Now fill the paper cup with about 1 inch of cold water.  Put the thermometer bulb in the water, and after about 30 seconds, record its temperature in the chart below.
	TEMPERATURE AFTER

30 SECONDS
	TEMPERATURE AFTER

2 MINUTES
	TEMPERATURE AFTER

4 MINUTES

	
	
	


Now let’s try to heat it up.  Put your hands around the cup and leave them there.  Switch the cup between your group members several times so that your hands don’t get too cold.  After 2 minutes, record the temperature above.  Continue this procedure to the 4 minute mark, and record the temperature again.

Recall how the cup felt in your hands.  Can you tell from this which way energy was flowing?  If so, tell which way and why.  If not, explain why not.

What happened to the ice in the cup after 4 minutes?  Explain in terms of the different states of matter.

Now let’s look at the temperatures recorded.  Did any of these results surprise you (not agree with your prediction)?
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Check your answers with your TA before moving on.

When matter changes states from solid to liquid or from liquid to gas, it absorbs energy. This energy is sometimes called “latent heat”.  (When the opposite happens—matter changes from gas to liquid, or liquid to solid—energy is released instead of absorbed.)  For example, water vapor in the air at 100°C contains much more energy than liquid water at 100°C.  This is why you sweat on a hot day.  The sweat on your skin evaporates, and this change of state absorbs energy.  The evaporating sweat takes energy away from your skin, lowering your skin’s temperature.
Armed with this knowledge, collaborate with your group members to explain the following: What happened to the energy from your hands while you held the cup.
Explain how your hands could have gotten colder, without the water getting much warmer.
Experiment 4:  Getting Specific about Heat
Materials:

· Styrofoam cups
· warm & cold water

· steel washers
· thermometer
· paper clip

We have discovered that when we put something hot in contact with something cold, heat flows from the hot object into the cold one. This tends to make the hot object cool down (since heat is flowing away from it) and tends to make the cool object warm up (since heat it flowing into it). 
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But how much heat does it take to change the temperature of something by specified amount? Is this different for different materials? Could it even be different for different objects made from the same material? What might this depend on?  Suppose your job was to take some object that had been left out in the snow overnight and to heat it up to room temperature using a hair dryer. Working as a group, write down below some of the factors that you think might influence how long this would take.  When you are done, discuss this as a class.
Now let’s do an experiment to explore this a bit further. Work as a group. At the front of the room you will see two big containers. One of these contains cold water and the other one contains warm water.  Take two Styrofoam cups and fill each one a bit less than half full, one with warm water and the other with cold water. Bring these back to your desk. Using a thermometer for each, measure the temperature of the water in each cup. Write these numbers below.
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You are about to pour the cold water into the warm water and measure the mixed temperature, but first predict what the mixed temperature will be.
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Now pour the cold water into the warm water and measure the temperature of the mixture. You should stir it a bit and then wait for the thermometer to stabilize before writing your answer below. Also figure out how much the temperature of the hot and the cold water changed.
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Can you see any interesting relationship between the initial warm and cold temperatures and the final mixed temperature? How does the change in temperature of the hot water and the cold water compare? Discuss this as a group and write your answers below.  When you are done, you will discuss this as a class.
In the last experiment, you started with equal amounts of warm and cold water. Now repeat the experiment using twice as much cold water as warm water (just make sure you have room in the warm water cup to pour all of the cold water into it). Just as you did above, measure the initial warm and cold temperatures, make a prediction for the final mixed temperature, mix the cold water with the warm, and measure the final temperature. Again, figure out how much the temperature of the hot and the cold water changed.


Can you see any interesting relationship between the initial warm and cold temperatures and the final mixed temperature? How does the change in temperature of the hot water and the cold water compare this time (which was bigger)? How does the heat capacity of water depend on how much water there is? Discuss this as a group and write your answers below. When you are done you will discuss this as a class.
In this last part you will compare the heat capacity of water with that of steel. You will do this by putting some cold steel washers into a volume of warm water that has the same mass as all of the washers. You will measure the initial temperature of both the cold washers and the warm water, you will predict the final temperature of the “water-washer” combination, and then you will measure it.  The group that makes the best prediction will win a prize.  
Before you start, answer the following question: Do you think the heat capacity of the steel washers is bigger, smaller, or about the same as that of the water?

Step 1: Using the balance provided, figure out how much water you need to equal the same mass as three steel washers.

Step 2: Using a paper clip as a “hanger”, place three washers in a cup of cold water and wait a few minutes to make sure they are all at the same temperature as the water in the cup.  Measure the temperature of the water (this is simpler than trying to measure the temperature of the steel directly and should give the same answer).


Step 3: Fill another Styrofoam cup with the quantity of water you determined in Step 1, using warm water, and measure the temperature of this water.


Step 4: You are about to take the washers out of the cold water and place them into the cup containing the warm water. Before doing this, predict what you think the final temperature of the washer-water mixture will be. 

Step 5: Take the washers out of the cold water and place them into the cup containing the warm water. Wait a minute while stirring the water now and then with the thermometer. Measure the final temperature. Figure out how much the temperature of the water and the steel changed.

Does the result surprise you? Discuss as a group and write why or why not below. Discuss as a class.
The difference between “Heat Capacity” and “Specific Heat”:

You should have discovered two things doing the above exercise:
1) The heat capacity of an object depends on the mass of the object. In the case of water, when you had equal amounts of warm and cold water, the temperature of the warm water went down by the same amount as the temperature of the cold water went up. In other words, the heat capacity of the warm water and the cold water was the same. When you had twice as much cold water as warm water, the temperature of the cold water changed half as much as the temperature of the warm water. In this case the heat capacity of the cold water was twice as big as the heat capacity heat of the warm water. Since we don’t want differences in the mass of some material to get confused with differences in properties of that material, people define something called specific heat, which is simply the heat capacity divided by the mass. In other words, water always has the same specific heat no matter how much if it you have. 


2) The heat capacity of different materials can be very different, even if the masses are the same.  In the last experiment the change in temperature of the steel washers was very different from the change in temperature of the water, even though the mass of the water and the steel was about equal. In other words, the specific heat of water is quite different than the specific heat of steel. 
Experiment 5:  Conducting Heat
Materials:

· liquid nitrogen
· rods of various materials
Heat conduction refers to heat moving through a material. Something that is a good conductor of heat allows heat to flow through it easily. Something that is a poor conductor of heat makes it difficult for heat to flow.  Can you think of examples of everyday materials that are chosen specifically for their heat conduction properties?


The instructor will set up one or two insulated containers of liquid nitrogen with rods of various materials stuck into them.  Examine these rods carefully. How can you tell which ones conduct heat well? 

Make a sorted list of the materials, from the best to the worst conductor of heat.
Do the good conductors have anything in common? Do the bad? 
Discuss as a class after making notes below.

Experiment 1b:  Keeping Warm in the Winter - Continued
Look at the three thermometers you placed in Experiment 1a. Write the temperatures of each below.

How do these readings compare with your prediction? If your prediction was different than the final measurement, can you explain why? Talk about this in your group and then discuss as a class.

Explain how a hat keeps your head warm on a cold day.
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