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Heat Final Review
A simple understanding of the energy conservation might lead you to believe that
something like a ball rolling across a valley or a swing going back and forth can go
on forver, repeating the same cycle again and again. In real life this won't happen, because in real life,
friction is always slowing things down, converting some of that energy into heat. We sometimes say that
this energy has been lost, because, even though the total energy is still the same, heat isn't useful when it
comes to getting things to move around.

If you were able to zoom in enough to see the individual molecules in an object, you would see that they are
all jittering around - each molecule has a little bit of kinetic enery. The average amount of kinetic enery that
each molecule has is called the temperature of the object; the heat energy of the object is the total I get
when I add up the energy of all its molecules. So, I can find the heat energy of an object by multiplying its
temperature by the number of molecules in it:

Here, c, the "heat capacity", is a measurement of how many molecules are in an object. Different substances
have different heat capacities; for example, water has a heat capacity of 4000 J/°C per kilogram, meaning
that if I have 3 kg of water, it takes 12,000 J to heat it up just by one degree - I have to give one degree to
each of 12,000 molecules. A large heat capacity means that it is very hard to change the temperature.

Because heating something means making its molecules move faster and faster, there is a limit to how much
I can heat an object without its molecules breaking apart. For example, in ice, water molecules are tightly
bound in one spot, and can only move back and forth a little bit; if a molecule gets enough energy to break
its bonds, it is able to move around more freely, in the form of liquid water. We say that a phase change
has taken place. The general fact to remember about phase change is that it takes energy to be free: a
molecule that is given energy can transition to a freer phase, and one that has its energy stolen may return to
a more restrictive phase.

. 1 A room contains .2 kg of air. Air has a heat capacity of 1000 J/°C per kilogram.
a) What is the heat capacity of the room?

b) How much heat will it take to heat the room by 8°C?

c) If I put 1000 J of heat into the room, how much will it heat up?

. 2 A car with a mass of 200 kg is traveling at 30 m/s.
a) How much energy does it have? What type of energy is that?

b) The car comes to a stop using its brakes. How much heat energy goes intot he brakes?

c) The brakes are, collectively, 4 kg of steel. Steel has a heat capacity of 450 J/°C per kg. What is the
heat capacity of the brakes?

d) How much will the brakes heat up just from braking this once?



d) How much will the brakes heat up just from braking this once?

. 3 Why does Massachusetts have warmer winters and cooler summers than Minnesota, which is at the
same latitude?
Hint: What do we have near us that has a huge heat capacity, and why does that matter?

. 4 Why does water condense on the outside of a glass during the summer?

. 5 I am trying to melt a .5 kg block of ice, originally at -20°C, to 20°C. It will change phase to liquid
water at 0°C. Ice has a heat capacity c = 2000 J/°C per kilogram, water has a heat capacity of c =
4000 J/°C per kilogram, and melting one kilogram of ice takes 340,000J.
a) What is the heat capacity of the .5 kg block of ice?

b) How much heat is needed to heat it to 0°C?

c) How much heat is needed to melt the ice?

d) What is the heat capacity of .5 kg of water?

e) How much heat is needed to heat it to 20°C?

f) What total amount of heat is needed to do all this?

. 6 I have .3 kg of water at 60°C, and .2 kg of water at 10°C. The heat capacity of one kilogram of water
is 4000 J/°C.
a) How much heat energy does each cup of water contain?

b) If I mix the two, I end up with one cup of water that has the combined heat capacity and the
combined heat energy of the two. What is its temperature?
This is how you figure out what temperature you'll end up with when two things are mixed.


